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A shortage of certified and qualified science and mathematics teachers is

one of the most visible and critical problems faced by our Nation's schools.
Local, State, and Federal governments; educaticn and science associations;
universities; the military; and private industry have all turned their '
attention toward this problem. Colfectively, these bodies form a natiomal

movement with the common goal of ensuring the Nation's role as a world leader
in education; science; engineering, and technology. The approaches taken to
reach this goal, however, are as varied as the movement's participants.

Hence, there 1s a need to identify and describe the most viable alternative
and to focus the effort. The Improvement of Science and Mathematics Education

(ISME) Team of the National Institute of Education (NIE) was established to
f111 this need. :

 The ISME Team is charged with planning and overseeing research on the
science and mathematics teacher shortage. The team's specific aims are:

(1) to determine and report on the state of the problem, its related issues
and solutions; (2) to conduct a national conference on the science and
mathematics teacher shortage; and (3) to prepare a rasearch agenda on methods
of alleviating the shortage. A unique aspect of the team's work is its

emphasis on teachers and the nature of teaching in science and mathematics.

One of the team's primary tasks has been completed. A conference

entitled,; "Teacher Shortage in Science and Mathematics: Myths; Realities and
Research,” was held in the Nation's capital in February 1983, The conference
was designed specifically to identify the salient elements of the natiomal
science and mathematics teacher shortage; add corollary data to the existing

body of knowleige, and influence and guide future NIE research in the. area.

The conference participants represented people working on all facets of the

teacher shortage:

) the conferemge proceedings, agreeing
that teachers and teaching of sclence and mathemafics is in a state of crisis,

applied their individual and collective knowledgeland insights to the problems

The distinguished contributors to the conferen

of our day. They focused on possible myths surrouxding the teacher shortage,

the realities and research concerning science and mathematics education, and

the programmatic solutions operated within and outside of school settings:

¥,

" The conference priceedings include a Welcoming Address by Msmuel J. Justiz; o
NIE Director; a Keynote Address by the Honorable T. H. Bell, United States

Secretary of Education; followed by five commissioned research reviews and
analyses; six program papers; and the edited tramscripts of the discussions
that followed each paper. The concluding section provides possible research

and practice directions prepared as part of the conference summary document.

A point of information. In the proceedings there may exist some o
discrepancies between the conference papers and the discussion of the papers.
The discussions depict respomses to the conference presentations and earlier
drafts of the papers. The paper authors were encouraged and did make

substantive revisions of their papers after the conference for chis
publication:

!
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Educators at all levels, researchers; legisiators; individuals from

businéss and inddétry, and others will appreciate the conference contributors'

999!srggse,;sygegyékiE,gos,Ehe,ft9551;995§§1,§19§, 9@at connected prasenta-
tions and discussions to the primary themes of the conference. We alSo thank
Thomas Good and Gail Hinkel for producing an outstanding summary document two
months after the conference. Over 1,000 copies of the summary document have
been distributed worldwide and to 50 States. Appreciation is also extended .to
the conference cntitribiitors for their professional time and permission to prirt

a stimulating collection of papers and discussions. Finally, we are grateful

to the NIE staff, in particular Virginia Koehler, and to Caroline Watler and

Ramsey Sa'dl of ﬁingie Associates, Inc: for their excelleat contributions to

the conference and proceedings.

Shirley A. Jackson
Asgociate Director

¢hn L. Taylor

) Team Leader
o : Improvement of Science and
e ’ _ Mathematics Education
. - . B R
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National Institute of Education °*

It 1s a distinct plessure for me to welcome you to the National Imstitute -
of Education's conference on the status of sclence and mathematics education.
I have had the opportunity to meet a number of you who will be presenting

papers and leading some of the discussions. I am very impressed with the.
caliber of all participants and with the many different views and perspectives
that are represented., We are delighted to have you join us in this forum,
where we hope to continue a vigorous discussion in an area of tremendous

interest and concern to all of us in this country.

I have just returned from a hearing in Albuquerque, New Mexico, held’by
the Senate Budget Committee,; on the issue of mathematics and scienmce. And I
am pleased to report to you that the concerns that were expressed by
representatives of industry and by the education community are very much in
tune with our concerns about the tremendous need for geiting qualified

mathematics and Science teachers in our classrooms as quickly as possible.

Clearly, mathematics and sclence are critical to our country's future and
to its technology and economic prosperity. Technology 1s changing the
structure of the world. Our ability to maintain a strong and sbund economy _
and to compete effectively in the world marketplace will depend largely on our

ability to maintain the technological supremacy we have had in past decades.

When we talk about mathematics and sclence, and when we talk about

technology, we also very quickly begin to think of the defense area and the

critical role that this country plays in providing for the protection of our
allies and other nations that share our views and values. It is clear to us
that 1f we do not keep up, both in industry and in the classroom, it will be,
as Nobel Prize winner Glenn Seaborg has noted, "unilateral disarmament.”
 In the past, we have tended to look on science and mathematics as academic
disciplines. This we must continue to do. But we cannot confine ourselves to
this narrow view. The roles of science, mathematics, and technology have
expanded, and they are now fundamental to enabling all of our citizens to meet
the needs of our information-based, technology-orienmted world. It is apparent

that we are entering a very vital and major technological revolution—-
an era in which the mictocomputer may well become to American homes and.
families what the pocket calculator became in the 1960's: It ie essential

that we become literate and informed about technology.

 To respond to this demand, we will need to overcome the inertia of

111-prepared students, inadequate laboratory facilities and materiais, and the

scarcity of qualified science and mathematics teachers.

&



Consequentiy; it 15 imperative that we marshall the tremendous resources

of this country to the task of gearing our Nation's schools toward excellence

in science and mathematics éducation. This will involve including our schools;
colleges, libraries, museums, military, universities, business; and industry; '
in the deliberations dn how to close the gap between our technologically
sophisticated world and the present capacity of our education system.

G2 -

_ As befits the current state of kmowledge in this area and the appropriate
role for Federal Research and Development, our approach in this conference is
not to_try to arrive ‘at a solution. Rather, it is to find key people, such as
yourselves, both presenters and participants, to join us in investighting the
problem and considering a national baseline of knowledge on_the issues. _ '
Following this conference, the Natiomal Institute of Education staff will

examine the proceedings in order to determine the implications for our future

role and for the research agenda that may well be further clarified and
refined as a result of the proceedings. e

I respectfully challenge you to articulate clearly what youkdow-
perspectives that you bring to uys——concerning the mathematics and scilence

teacher shortage: - Help us to clarify the myths and the realities we are

confronting and suggest promlsing research directions.

I trust this will be a productive conferemce: rAll of us are looking

forwatrd to reading the proceedings, just as we are looking forward to the

disciisgions that will take place today and tomorrow. :

N
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KEYNOTE ADDRESS

_ The Honorable T.H. Bell '~
! : Secretary, U.S. Department of Education 4

- ' . .

~ As you meet to discuss the shortage of mathematics and science teaclers,
it is important for you to consider not only the problems we face today, but
those we w11l be facing over the next 3 to 6 years.:  To put this in "
perspective; I would like to emphasize three points:

P a

1. All across the Nation, school boards are increasing

high school graduation requirements in mathematics and

science: Keep in mind that for each additional year

of study required in either of these fields; there
will be a nationwide demand for 34,000 additional high

school teachers.

2. Teachers are leaving the téaching profession for
better paying jobs in the emerging high tech
industries. Therefore, we must not only increase the
supply of teachers; we must also make teaching more

attractive tasensure fewer teacher "dropouts.”

3. To date, we have not fully grasped the significance of
; the microcomputer ‘as a force that will change our
' entire teaching and learning methods from kindergartem . -
to graduate school. Computers are no longer the fad" '
they were back in the 1960's. John Naisbitt, in
””””” s; reminds us that fads are imposed from the
top down and trends come from the bottom up. "

Tt 18 up to those of us in education to help equip the youth of our Nation

with skills; knowledge, and values so that they can meet their duties and
responsibilities to the past and future of this Nation. Among other things,
we have a responsibility as educators to help America remain the technological
leader of the world. As President Reagan observed in hi: State of the Union

address, "We must keep that edge; and to do so we need to begin remewing the

basics, starting with our educational system.” Mathematics and science
education are an important part of past reasons that America rose to

fnternational greatness and are extremely important for the continuation and”

renewal of American life and the attzinment of the American dream:
Somie groups say there is mo shortagé of mathematics and sclence education
or of teachers to provide that education: Others say the deficits in both

areas are enormous. Obviously, we meed to consider what the need will be when
we change our emphasis: We must respond to the need for more technical aad_
_sclentific competence and more scientific and computer literacy. Regardless
of what . the specific /figures appear to say, it seems inevitable that the
fiuture of white collar workers, including teachers, will be very stromg.’ It

takes time to increase the supply of new teachers and retrain existing omes.

- 11 | *
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 Now I do mot mean this as an adverse reflection on our championship
Redskin football team--of 'whom we Washingtonians are very proud—-—-but the fact

is that in mdst of dur American elementary and secondary schools, a football
hero has more respect than a scholar. Pep rallies receive more dttention and
are far better attended than a debate meet or any other type of academic -
competition. We'have stressed excellence and competition in athletics but.

seem to have forgotten them in academics. !
fl . £ .

) . I 4 o N
Education has misplaced its priorities. Mathematics and science education

are indicative of this. For example, a 1980 survey showed that only nine

States required 2 years of mathematics for high school graduation; and only

‘one State required 3 years. Other data showed that only 38 percent of high
school seniors reported taking 2-1/2 or more years of mathematics and nearly .
% percent reported taking no mathematics at all. Only one-fourth reported
taking 2-1/2.years or more of sciecnce, while 8 percent had taken no science
courses. :

 HiG: Wells has often been quoted for his observation that history in the
20th century has become a race between education and catastrophe. That ¢
observation has never been more true. It gseemns that we often forget that our

children will spend most of their lives in the 21lst century, & cestury of
bewildering scientific and technological change. We do not have time to worry

about future shock when we are trying to cope as a people with thé present

shock and dislocation caused by a society in transition from an industrial .
economy to a high tech, information-service economy: The revolution in
information is as profoundly changing society as did the. invention of the

printing press or the industrial revolution centuries ago. This revolution _
will make all of-us managers of information. It will free us to bufld and run
machines and to pursue better lives in so many other ways...if we are prepared
to do so. .- ' ‘

'High school graduates mot proficient in the basic skills will narrow the
pool from wniéh future engineers and séientists will be.drawn. Furthermore,
those students who choose other career fields will not have the preparationm to
deal with the technology-based issues they will face as workers and citizeas

in a Nation whose future is 1linked to technology advances. We are already
seeing signs of this with tWe tefribly high percentage of .unemployed teenagers,
and young adults:. In the past, students were not made ayare that science was_
important to them personally: The general population of the United States did
not understand the importance of a firti groundiang in mathematics, science, and
the basic academic skills. : "
e , .
A point that no American ‘can afford to miss is that world leadership

depends on technological superfority. As the late Premier Brezhnev stated:
"The field of sclentific and technological progress is today ome of the major
fronts in the historical battle between the two cystems” (Socialism and

capitalism): ., .

-

At the end of World War II, the Japanese recognized and made a coumitment
to the teaching of mathematics and science and to technological development.
They have met this commitment with high academic requirements and standards.
In the U.S.S:R:, compulsory science includes 5 years of physics and 4 of

-

Y

»



chemistry. Less thanm 20 percenmt of U.S: high school graduates take even 1 year

of physics,; and less than 40 percent take 1 year of chemistry. Ironically,
much of Japan's advance in mathematics and science has been based on curriculum

materials developed in the United States in the 1960's.

1 want every United States citizen to be aware that many other
industrialized countries are providing a more intense, rigorous curriculum for
their students. They are getting the results they demand. I fear that .
students in these countries are working to gain the education that could allow

the United States to sink to the status of a second-rate power. We must -
‘respond to this massive challenge posed by the other industrialized nations of
the world.

 The strength of our economic system and the defense of our country are
predicated on our dominance in education and techmology. To maintain our

strength in these areas, and indeed, our national independence, we cannot
‘afford to let skills in_these fields degenerate.  4s philosopher Alfred North
whitehead once wrote: "It is the business of the future to be dangerous; and

it is among the merits of sclence that it equips the future for its duties.”

_What we all know 18 that in order to have quality education, we must have
quality teaching. I feel that in all subjects of academe, we are mot
attracting the desired large numbers of bright and talented people into the

teaching profession: Most of the other professions and many of the skilled.
trades pay more than teaching. This has been a problem for years, and I will
not belabor the point because I am sure it is one of which you are all aware.
I do not believe that anyone could disputé the fact that there ought to be

more economic potential in the teaching profession: We desperately need. to
establish the teaching profession as a prestigious,.esteemed, and honorable

calling. Promising students and talented teachers already in the prdéfession
should he able to move readily through recognition and promotions to command
salary and esteem. -

On our college and university campuses; we have established a system of
academic rank, and it is universally accepted. In academe, we have found it
both necessary and desirable to go even beyond this point. We have endowed )
chairs and distinguished professorships on many campuses: Compare this with.
the existing system in our elementary and secondary schools: We have a single

salary schedule with no salary differential except for years of experience and
college credif hours. We have no system in our personnel practices that
offers encouragement and opportunity to be recognized—as an outstanding
professional worthy of distinction in both salary and esteem. We offer little
incentive to those who enjoy the life of teaching and who have no desire to
gseek an administrative position. '
. . v

I beiieve we need to establish in American soclety a mew position of
"Master Teacher:" This new position should be a much esteemed and sought
after distinction among teachers. It should provide a step beyond the ranks
of beginning teacher and regular teacher, and it should command a salary that
is commensiirate with other salaries that recognize accomplishment and great
worth to American soclety. . -

W



We cannot continue with the status quo and build a truly great teaching

professipu. The time is long past dge for a change:

 There is nothing we do in America that is more important than teaching.
As we look to the future and the cofipetition we will be facing in a changing

and fiercely competitive world, we simply must realize that our youth deserve
to be taught by the very best minds we cam attract to our schools. In the
years ahead, our State legislatures; governors, school boards; administrators,

and teacher organizations must take steps to build a truly great teaching )
profession: There must appear in the law; in the school finance formulas, an
in the school board policies across the Nation new provisions that will help
us to attract and keep the very best talent available. T e L
It is my hope that what I have been saying about the Master Teacher
concept would at least trigger more pubiic debate on what we should do to
build a teaching profession to meet the needs of an increasingly compiex
society. 'We must make it posmible for our most distinguished teachers .to

command a salary that is cotipetitive with salaries in engineering, law,
accounting, and other professions. This will require a big increase in a
Magter Teacher increment. . . ‘ -

 Let us now think about and speculate on the enormous impact that the
‘microcomputer and silicon chip will Have on all of American education. This

is, of course, directly relevant to what we have been discussing concerning .

the supply of teachers. Consider the following facts. A few years ago; a
pocket calculator cost the equivalent of & trip to California._ Today,-you cam
get one free with your subscriptiom to a magazine. Given the frantic 'rate of -

. advance in the computer industry, it is highly probable that, in 2 or 3 more
years, we will have teaching computers the size of a billfold that sell for _
9.95. . It will be possible to carry around an elementary biology, physics, o

chemistry teaching computer that will tutor in the requirements.of that. ... __
subject. Students will buy these computers and use thea ap.casually as they

now use pocket calculators. These pocket-sized teaching computers.will
contain much of the coursework and basic information now found in our

textbooks. What is more, these pocket tzaching computers will have very
sophisticated programming that will provide interaction and conversation with

the learmner.

'If you do not believe this to be possible; let me tell jou that a |
prototype was developed by the National Physical laboratory in England a few
years ago. The teaching computer was called "MINNIE." It has more key

functions than one sees.on & pocket calculator, aud it has considerable

interactive and tutorial capacity in the teaching of Fremch to English-
language-dominant persons and English to French~language-dominant persons: — —

 This era is just around the cormer. Competing corporations are going to -
be producing these pocket-sized teaching computers by the millions, These _
little units will be very handy to use, and they will be mass produced at so
nominai a cost that competing companiés are going to rush into the market very
goon. This could radically change the scope and sequence of American
education.

o



Now 18 the time for teachers and administrators in education to face up to

the fact that the computer manufacturing commpanies are going to "climb into
our sandbox” and start punching us around. . Some mathematics teachers are now
frustrated with the pocket calculator. The biology teacher; along with the
physics and chemistry teachers, shruld be prepared for students who will come

to school with much of the subject matter available in the memory of a pocket-

sized teaching computer:

We need to recognize this future potential as a near certainty. We need

to realize that the pocket teaching calculator will be upon us in a very short
time, and that it is going to rock the foundations of academe. We must grasp

the immensity of the computer in education. It is-going to lead us to

bookless schools, to paperless newspapers. Interactive and:-tutorial computer
programs will tear up the scope and sequence of education as we know it today

and reshape it in a manner that may be traumatic to many teachers.

' The momentum will be carried by the intemse competition of Texas =

Instruments, Atari, TRS-80, Apple, IBM, and all the rest that are frantically

competing for this expanding market:. Keep in mind that we spend over $200
billion in this country on our public and private educatlon establishments.
This is a market that has the computer companies licking their chops. Parents
will spend billions more in addition to taxes and tuition to give their

children the demonstrative educational advantages that will be promised on
television and in full page advertisements in nationwide magazines.

e

Now this is crucial to our discussion about mathematics and sclence
teachers because the level of preparation and the subject matter mastery of
tomorrow's teachers will demand effective teacher preparation on the
university campus.

i did not sketch the computer and the future of education with an intent

to teil you that it will be bad for education. I emphasized that it will be

what American education will make it--only if we seize the opportunities and.

shape the eveits to our advantage. If we do mot have both the foresight and._
insight to grasp the significance of the technological future, we will be left

on ‘the sidelines, and the tomputer companies; with their omnipresent software;
will dominate. : :
This is an exciting as well as frustrating time to be involved in

education. I commend our National Institute of Education for sponsoring this

conference: We appreciate your participation in it. May: you have a rich and
rewarding experience. ) O

I look forward to your report and deliberation in helping tb sort out the

- myths and realities posed by the educational challenges of the information and

high tech age.



CONFERENCE ORIENTATION

Lee Shulman, Professor of Education and Psychology
Stanford University '

disciissing over the next 2 days:
 Many of us felt that the late 1950's and the 1960's was a period of
renaissance for sclience and mathematics education in this country--a period

when the ferment and the excitement over reconceptualizing the mathematics and

science curriculums; and the social studies and behavioral science curriculums
in schools reached a pitch that it had never before achieved and has not
achieved since. During this period, many of us read an essay by Jerome Bruner

called "The Act BffDiécg?grggffflgfgg;7§gyggpiEoid‘of the observation made by
a British philosopher that there were basically three kinds of things in this

world--you will notice they come in threes; inevitably.

° First, there are troubles==troubles that breed feelings of

disequilibrium, of unease, and of discomfort, leaving us with a
sense that there is something wrong that ought to be responded
to, but little else. .

Then, there are puzzles-—and puzzles have a very clear.

®
structure, a very precise formulation; a very elegant design.
® And finally, there are problems. And problems are what we have
when we find an appropriate puzzle to lay on one of our troubles:
. What we are here for_ in these 2 days is not merely to acknowledge that; as
Robert Preston sang 8o persuasively in "The Music Man,” "we've got troubles™. - =
in this country in the area of science and mathematics education: That will
yield simply breasi-beating and rhetoric. Rather, we are here to find ,
appropriate ways of transforming those troubles into problems--problems that —
we can then address intelligently through policy, through inquiry, and one
would hope, through policies grounded in appropriate research and inquiry.

our goal is to help move our national agenda f§6ﬁ soul-gsearching and anguish
to carefully crafted policies inm research. o

The role of research in this kind of ‘activity is to inform practice and

policy, to provide a basis for evaluating policies once they are put-in piace, --—
and—I think this is terribly important--to be informed by practice: 4s you
jook around this room, you find people not only from the research conmunity
but from the communities of business, industry, public and private education

at all levels; and the military--people.in the varieties of practices that we_
need to listen to and talk with in order to produce a body of research in this -

country that will both inform practice and learn from 1it.




The focus of our meeting is the profession of teaching, especially with

reference .to Science and mathematics, the conditions of that profession, and
the education of teachers. I say this because the plamnners of this conference
did not try to imclude in this 2-day agenda every possible topic relevant to
the problems of sclence and mathematics education. For example, for the last

decade there has beenm a rich and exciting body of work under way in the

cognitive psychology of learning in science and mathematics. ' Although this is

a very important body of work that; at some point in the near future, must be
integrated with the deliberations of this conference, it will mot be addressed

explicitly during these 2 days. An important body of work is also developing
on the uses of technology imstruction and in teacher education. That; too;

‘will not be addressed explicitly im the next two days.

‘We have learned from Eﬁfﬁéiiéfiéiéé,iﬁ!téééét&ﬁftﬁat the only way to make

real progress on & question is to delimit it, or get some boundaries on 1it:

This may dissatisfy those who want to do everything at once, but without
delimiting the problem, you cannot have sufficient precision of deliberation

and debate, dialogue, and investigation to move ahead.
I think you have to Tecall that the meaning of the word "disciplime” is_

itself an interesting pun. It means not only a delimited body of inquiry, but
also reflects the discipline of the investigator who forces himself or herself
to work within the procedural rules of a field and to mot try to do everything
at the same time. Clifford Gertz put it very nicely when he said: "You don't

have to know everything to understand something.” Our goal today and tomorrow

is to come to understand some very important things. .

The dilemmas-that Secretary Bell described can sometimes best be.

appreciated by a particular individual case. Let me tell you of such a case.
Last summer, I had a conversation with a young woman who was beginning a :

12-month program at Stanford University leading to certification as & science’
teacher. She has a bachelor's degree in physics, with distinctiom, from UCLA
aud had worked for a year in the aerospace industry in southern California.

She had come-to Stanford to study to be a teacher. Ome of the things the

Stanford faculty does as part of student orientation to teaching is to pass
out the salary schedule of the Palo Alto public-schools. Student teachers

deserve a sense of what to look forward to when they finish their program. _
This young woman looked at the salary schedule and said: "You know, if I can

get 90 graduate hours and work for 12 years, I can end up earning as much as I

made last year.” And she just smiled and shrugged. She is still in the
program. i .

_ This young womsn's attitude is one of the things we have to come to
understand. What are the sources of gratification? What are the motivations
that Briﬁg.tiieﬁtéd“yoﬁﬁﬁ*ﬁéﬁili'iﬁté"bﬁtf§r§fg§316n?~-ﬁhat are the couditions .

that we need to foster to bring mor: people iu? What are the conditions we
have to create in the field to ensure that young women and men will still be

teaching not only 2 or 3 years from uow, but 10 or 15?7 These are the kinds of
questions that we are to address. ’

We begin with two papers that examine questions of supply and demand—

questions of manpower. Now; you might. say: “Why in the worid;, when we have

these very serious policy questicns to dellberate, should we begin by merely
describing what the situation is?” : . :

' 10 -
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I am reminded of a letter to the editor in Sclence magazine about 10 years
ago from a British operations researcher named C.D. Waddington, who is

considered in Great Britain; I am told; to be the father of operations

research in that country. In his letter, Waddington was describing what
operations research was like during World War II, when, in effect, they had to

invent it as they went along. Waddington stated: "You know, too much

emphasis has been placed on the fancy equations we had to generate in order to
do our work. It is important to remind everyone that perhaps the most
important thing we learned was the importance of first describing carefully
and with great precision what the current state of affairs was whenever we
addressed a new problem. We often found that when we had’ carefully described
what was currently the state of affairs, we didn't need complex solution _
strategles; it was perfectly clear what we ought tc do mext. And ceivainly,
even when we did need complex strategies; we couldn't proceed without kuowing

wiat the current state of affairs held.”

Following the advice of Mr. Waddington, we will begin with d careful
consideration of what the current state is with respect to the availability

and likely availability of teachers of science and mathematics:
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SCIENCE AND MATHEMATICS: SUPPLY AND DEMAND DATA
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SUPPLY AND DEMAND FOR SCIENCE AND MATHEMATICS TEACHERS
Betty M. Vetter, Executive Director
Scientific Manpower Commission

| There is abundant evidence of a shortage of qualified matlicmatics and
science teachers in the secondary schools, and some evidence of a diminishing

quality as well. A potential shortage of scientists in some specialties; as
well as of engineers and technicians, will be exacerbated by a decline in pre-
college mathematics and science education. President Reagan recently described

the prcblem as "serious enmough to compromise America's future ability to
develop and advance our traditional industrial base....” (Reagan, 1982).

 This paper examines the evidence pertaining to the shortage of qualified
science and mathematics teachers and to a drop in quality; discusses some of
the reasons why the shortage has occurred, the accompanying indicators of
change in student achievement, and the comsequences of a continuation in this
shortage; and summarizes some of the steps being faken to alleviate the

problem. Compar.sons are made with the educational processes in other nations
with whom the United States. is in competition, both in defense and trade.
EVIDENCE OF SHORTAGE OF SCIENCE AND MATHEMATICS TEACHERS

fn the faii of 1980 and again in the fall of 1981, the 50 State science

supervisors were asked to assess supply and demand for secondary teachers of -
science and mathematics (Howe and Gerlovich, 1982): Survey results indicated
that shortages reported for 1980-8l1 had worsened by 1981~-82.

_  For 19R0-81, 43 of the 50 supervisors reported a shortage or critical
shortage of physics teachers; 35 reported similarly for mathematics teachers
and chemistry teachers:. The supervisors reported 447 vacancies for chemistry
teachers. These budgeted positions were unfilled because no qualified -
candidates were avallable. However, evidence suggests that this survey
probably underestimated the shortage -6ince positions filled by unqualified
candidates usually were not reported as vacancies:

_ For 1981-82, a physics teacher shortage had become criti¢al in:27 States.
For mathematics, 43 supervisors reported either a shortage or critical shortage,
and the number reporting shortages of chemistry teachers climbed to 38. Only
eight States reported having an adequate supply of chemistry teachers, with two
more reporting a slight surplus and three reporting a surplus:

A 1982 survey of placement directors, as shown in Figure:l;, as indicated on

a scale of O to 5, confirms that the shortage of mathematics and science
teachers 18 critical and worsening.
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Figure 1
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In December 1981, the National Sclence Teachers Association (NSTA) s
surveyed 630 colleges and universities with teacher training programs. NSTA
reported a 77 percent decline from 1971 to 1980 in the number of mathematics
teachers, and a 65 percent declinme in the number of sqience teachers prepared
to_teach. in secondary schools (See Table 1) Further; the study found that’'im

addition to a severe decline ig the supply of persons trained to teach science

and mathematics, the fraction of those trained who were entaring teaching had

also declined. The combined effect was a 68 percent reduction in newly
employed science teachers and an 80 percent reduction in newly employed

mathematics teachers since 1971, as shown in Figure 3 (NSTA; 1982).
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Table 1

index of Sclence/Mathematics Teacher Supply Data 1971-80

1971 1972 1973 1974 1975 1976 1977 1978

1979 1980

Science ‘ o L __
Graduating 1

Teachers _ __ __

Percent Entering 59 58 58

Teaching

Mathematics o
Graduating
_Teachers o
Percent Entering 63 68

Teaching

75 65 65 S5 S0 40 35
55 56 59 56 52 54 54

65 62 6L 63 S9 60 55

Source: - NSTA, 1982, - -

The effect of these changes is shown even more forcefilly when the data are in

grapic form (See Figure 3).
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 Another NSTA survey of a random sample of 2,000 secondary school o
principals, also conducted in December 198l and analyzed by James Shymansky of

the University of Iowa, requested information on ‘the qualifications of those
sclence and mathematics teachsrs who were being hired (Kiein, 1982): The

survey found that 50.2 percent of the newly employed teachers were_ not

qualified to teach science or mathematics but were employed on an “emergency

basis” because no qualified teachers could be found (See Table 2).

~ The findings; when examined by census’ regionms, show severe problems in
States where high technology industries require the best-trained science and
mathematics personnel. For example, in the Pacific States; ‘a whopping 84
percent of the sclence and mathematics teachers newly employed in 1981 were
unijualified in those subjects. The eastern-seaboard and the gulf coasts also

show higher than average levels of unqualified teachers. -

Table 2
Percentage of Newly Employed Unqualified Science/Mathematics Teachers

' teachers represented- only 0.6 percent of employed mathematics teachers, but -~ -

Census Region _ 1980-81  1981-82
Pacific States ' 75% 84%
- Mountain States 4% 43
West North Central States 26 43
West South Central States 63 - 63.
East North Central States = 23 32
East South Central States , 43 40
Northeastern States . S 9
Middle Atlantic States ) 40 . 46
South Atlantic States 48 50
A1l states s 45% 50%
' Source: NSTA, 1982. ' s
. The Nattonal Center for Education Statistics (NCES) conducted a survey of
teacher demand and shortages during the 1978-79 school year and found that a

EthtééE,ﬁfinG7téi¢hé2§?§g§r§§ggqu 2.4 percent of all employed teachers in
the physical’ sciences (NCES, 1982a): 1In mathematics; the shortfall of 900

the proportional shortfall has climbed well above that figure since 1979:
(See Table: 3 for more details.)

o



Table 3
Employed Teachers and Teacher Shortages; Spring 1979
Employed Teachers Shortages -

o L _ . ____ Shortages
Field of Assignmeat o Percent o Percent As a Percentage

> Number _of all Number of all of Employed

> Teachers Shortages Teachers

_Total 2,552,000 100.0 11,300 100.0 4
Preprimary = ) 99,000 3.9 700 6.3 .7
Primary and general o o o L : P
‘elementary - 899,000  35.2 2,600 23.3 3 4
Art 57,000 2.2 100 .8 .2
Basic skills and o T
remedial education 9,000 3 v - - -
Bilingual education 22,000 .9 400 3.7 1.9
Biology , 30,000 1.2 100 9 .3
Business_ © 45,000 1:8 200 1.8 4
English language arts 188,000 7:4 200 2.2 X
Foreign languages 53,000 2:1 100 1.1 .2
General science - 76,000 3.0 200 2.1 .3
Health, physical S . — o )
educatiou 158,000 6.2 100 1.2 1
Home economica 36,000 - : 1.4 - - oA
Industrial arts 41,000 1:6 600 5.3 1.4
Mathematics 150, 000 5.9 900 8.3 .6
Music 87,000 3.4 200 1.4 .2
Reading 73,000 2.9 300 2.8 4
Physical sciences 25,000 1.0 600 5.5 2.%
Social stiudies/social . — ~
“sciences = 143,000 5.6 _ 100 .8 -
Special education 219,000 8.6 3,200 28.3 1.5
Vocational education 101,000 4.0 300 2.9 3
Other . : 39,100 1.5 100 1.1 3

Source: National Center for Educationcjratistics, 1982a.

' Number of New Graduates

Nationwide, the number of iéGﬁEgiEﬁéE§4§f§&ﬁ§téd in the past decade has

&rﬁﬁﬁgdffrﬁm 36 percent to 21 percent of all college graduates. This is not

surprising since a teacher surplus has been apparent in the placement

statistics for several years. But the drop in science and mathematics

education majors has been even greater. The number of education graduates
with a major in mathematics (now only 0.5 percent of all education majors)
dropped 64 percent, from 2,217 in 1971 to 798 in 1981, while the number of

* gclence education graduates drU?ped 33 percent;, from 891 in 1971 to 597 in
17
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1981 (NCES, 1982b). This number-includes blology teachers, chemistry

teachers, physics teachers, earth sclence teachers, and general sclence
teachers. . .

Finally, only 5 percent of afl college-bound seniors in 1982 (2.2 percent

of the males and 7.4 percent of the females) indicated plans to major im
education (NCES, 1982c), and only 1:3 percent of all education majors

graduating in 1981 had majored in sclence or mathematics education (NCES;
1982b).

; ] ) R ) ) o R
Thus; it is apparent that there 1s a severe and worsening shortage of

next few years.-
.Shortages in the States

Some States and even some cities report far more difficulty in filling

their science and mi:thematics teacher positions with qualified candidates than

do others. No national data are available on a State-by-State basis, but

geveral States have made some surveys of their own.

 In North Carolina colleges and universities each year report to the State
Department of Public Instruction the number of completions in teacher -
education, and the superintendent of each school district reports a vacancy

count by field. However, mathematics teacher positions filled by teachers mot

certified in mathematics are not considered to be openings.

An analysis of these reports over the past 20 years by Robert T. Williams

" of North Carolina State University indicates that the percentage of new
pathematics teachers as a fraction of all new secondary teachers has declined

steadily since ‘1967 (Williams, 1981). Further, the number of reported

vacancies for mathematics teachers has been declining since 1969, and, in most
years, the number of mew mathepatics teachers has exceeded the number of

vacancies. However,; the same analysis reveals that in nome of the 20 years
were more than 58 percent of the prior year's graduates actually teaching in .

the fall, and the proportion fell as low as 20 percent.

The resilt of the effort over the years to fill every alamsroom with

Someone, whether qualified to teach the subject or mot; has resulted in a

sitaation in which only 55 percent of Nocth Carolina's-4,7U0 mathematics
. teachers are certified in mathematics. Among the voncertified mathematics
teachers; 21 percent taught a full load of mathematics classes, while others

taught only a partial load (See Table 4). Many of the noncertified— - «-—-———
mathematics teachers were certified in social studies, physical education,
grammar, sclence, or business. L '

a



Table 4

Certification Status of North Carolina Mathematics Teachers o ;

[

Numbgrfgf Teachers with Teachers Without All Mathematics
Mathematics Mathematics Mathematics ' Teachers
Sectibns ’ Certifié&fiéﬁ Cértification
1 54 494 548
2 113 680 . 793
3 174 335 . 509
4 274 179 ) 433
5 1,57 266 , 1,823 -
6 395 © - 181 556
6 - 11 7 18
Total -. 2,578 : 2,122 - 4,700

Source: Williams, 1981: i

Also of interest are the teaching assignments for certified and
noncertified mathematics teachers as shown in Table 5.
. Table 5

Mathematics Teaching Assignments

: _Teachers Teachers

Certified Not Certified

) in Mathematics in Mathematics
Junior High/MiddSe School 1,759 1,796
High School General Mathematics 919; 800
Algebra 1 1,410, 93
High School College-Prep 1, 723 52
Remedial Mathematics " 138 " 307

“of the 17

Source: Williams, 1981.

systems in that State (133 reporting), that "The supply of

The._ Virginia State Council of Higher Education reports, based on a sgryey
gcnoold

teachers avallable to hire is not sufficient to meet current demand in

particular fields.” Almost half of .the divisions 1n the State said they had -

extreme difficulty finding mathematics teachers; more than one third had
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probiems finding teachers of earth sclence; und one 'folrth Teported extreme

difficulty finding qualified teachers for chemictry and physics tourses. . )
Almost half.of the earth science teachers in the State were uncertified in the
field, despite a 6-year—old regulation that all eafth science.teachers be
endo:eed by the 1982-83 school year. Seven percent of thefStgte'gfchgnistty
teachers did not meet the .requireménts for certification in that fileld.

The number of students graduating from the State's 33 State—spproved o
coiiege education programs fell 25 percent in the last 4 years; the number of
student teachers in science and mathematics decreased threefold io. .science and

fourfold in mathematics frdﬁ 1971 to 1980, and only half of the etudent F

1982). ] , . S
In Newinampshi:e,oniy one 1982 coiiege graduate in the State .planned a

career in mathematics teaching. In 1980, there were 4% openings for _

mathematics teachers in New Hampshire high schools; -but only six graduates of
teacher education programs throughout the State sought msthenatics teacher
sgertification ("Math Teachers Scarce, 1982)

Data f:cnlg_stﬁtionxi Cauncii of Teachers of Hsthematice' 'Mathenntics

Shoréhge. Fact Sheet” in September 1982 reveal the foliowing about some of

the other States.

CI Missouri. .Only about half of the 80 prospective
. mathematics teachers who were to graduate from : ;

Missouri's teaching institutions were expected to be . _

teaching the following fall, although at least 200 _

i _ vacancies were expected._ in”tne State. The niimber of

" emergency certificates issued in 1979 was up 43
percent over 1978.

/ New York. Omly 32 gggdgating college seniors planned
to teaEﬁ junior or senior high mathematics in 1982.

"I

° California. Among more - than 400,000 students in

California's public four-year institutions in the

mathematics’ teachers. : , : ' ; .

) ’ . ™
e _Texas: In 1982 20 3raduates were certified for Co
* mathematics tesching, but only 7 entered the field.

e Eigzland h\surveyéby the State Depsrtment of

* Education at the end of the 1979-80 school year

estimated that 50,000 secondary students received

. their mathematics instruction from more than 400
teachers who Were not certified to teach secondary
mathenstics.( In 1982; only 17 new mathematics
teachers graduated in the State, and 8 entered .. ,

teachins. . -
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77777 The State lost 100 mathematics teachers

in 1982 through retirement and job shifts; while only.

|

o 28 mathematics teachers graduated from the 14 State
institutions. : ‘
New Jersey. The State Department of Education has
‘ declared an emergency shortage of mathematics teachers
in 17 of New Jersey's 21 counties.

21 cou __This emergency
designation permits districts to use unlicensed _

teachers-—some without a bachelor’'s degree—to teach

mathematics.

e JIowa. The number of graduates prepared to teach _
mathematics dropped from 234 in 1970 to 60 in 1979.
The number of vacancies during that.period. fluctuated
_ between 200 and 250 each year, with the smaller school
r districts having thé most severe shortages.
.& <~ Mississippi. According to the State Superintendent of
Education, State institutions do not even come close
to- providing the 400 to 500 mathematics teachers that
are needed. ' ' -

" .’, Teacher Exodus to Industry T ]
 Compounding the problem of an undersupply of new graduates in science and
mathematics education is the serious exodus of experienced teachers to

industry. According to an NSTA survey of science teachers, the average age of

"« " gcience/mathematics teachers is 41, and the average number of years of

experience is 16. However, almost five times more science and mathematics _

teachers left teaching last year for employment in nonteaching jobs than left e

. toiretire: If the present exodus of qualified secondary school science and.
mathematics teachers continues at the 1980 and 198l rate of 4 percent per
year, there will be a net loss of 35 percent by 1982 (NSTA, 1982)." Another

NSTA survey found that one in four teachers among the younger faculty plan to
leave teaching completely (National Science Foundation—NSF——1982a & b).
o . S
Further, a survey in Noirth Carolina found that -those. planning to leave

predominantly are those who are best qualified, whila those plamnning to

continue a career in teaching are those least qualified on the basis of
preparation and test scores (Williews, 1981). Although there is.no _~ - - s
documentation, it appears probable that those who bave left teaching in the '
past few years also are among those best prepared in science and mathematics

afid therefore most desirable as employees for industry. . .

The reasoms for the teacher exodus to industry are generally so obvious as.
to need no explanation—higher salary levels, more opportunities for -
advancement, an environment conducive to accomplishment, adequate equipment, ]
and; perhaps most important of all, more respect from society: s
. i ,
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A quick look at comparative starting salaries at the end of a bachelor's

degree indicates the value society has placed on teaching compared with other
science, mathematics, and engineering activities. A starting teacher in 1982

averaged §§§§§"§135000,é,§éir. Mathematics majors going to government or
industry averaged $21,300; édﬁ?ﬁtégfih;@ﬁtiéti;i3bou;ﬁ§25;000; chemistry

ma jors, $21,000; and engineers, more than $25,000. Only”biology majors; at
$16,000, came even close to the teacher salary levels:

QUALITY OF NEW SCTENCE AND MATHEMATICS TEACHERS ' —
. The drop in the quantity of, mathematics and science teachers appears to be
accompanied by a drop in the quality of new graduates preparing for secondary
teaching. Although quality is much harder to measure than quantity; some
indicators of quality can be examined. One of the most obvious is the test
scores of students planning majors in education.

 The College Board reports that among college-bound seniors in 1982, the

average score on the verbal portion of the Scholastic Aptitude Test (SAT) was
426 and that on the.mathematical portion was 467. Among students indicating

plans to major in education, the verbal scores averaged 394 and the math 419.

Thus, as & group, students plamning to teach are considerably below average in

this measure of quality (College Entrance Examination Board (CEEB), 1962-1982).
The scores on the Graduate Record Examination and the National Teacher

Examination also indicate that students currently enrolled in teacher
education programs are the least competent in comparison with those preparing

for other professional careers.
Further; the least competent of the ‘teacher education graduates appear to

make up the bulk of those who. plan to remain in teaching. For example, a_
study of teacher recruitment, selection, and retention in North Carolina fourd
& dramatic difference in the teaching plans of those who were highest-and ———
jthose who were lowestijn ability. Of those in the upper 20 percent of

'measured academic ability, only 26 percent intended to teach at age 30,
contrasted with 60 percent of those with the lowest academic ability (CEEB,

1962-1982).

‘fhe National Center for Education Statistics confirms that the number and

acadenic standing of high schocl seniors planning to major in education were
lower in 1980 than in 1972. Also, as.shown in Table 6, the academic records

of both women and men planming an education major were lower than those of

their 1980 classmates who were planning to major in other fields (NCES; 1982c).

School and Beyond
School Class of 1972,
backgrounds, high

 Based on an analysis of data collected in the 1980 H
study and in the National Longitudina d 1e_High
NCES examined cognitive test scores, questionuaires about

school experiences, and the plans of these two groups of students. Ten

percent of the women college aspirants planmed to major iu education in 1980,
down from 18.8 percent im 1972; Among the men, the segment plauning eduation

@ajors declined from 6.0 percent in 1972 to 3.4 percent in 1980. About three
" times as many women as men planned an education major, and white women made up

about 67 percent of all students planning such a major. White males were
second (19 percent), followed by black females (5 percent), Hispanic females

(3 percent), and-others.



_ Students planning to major in education had lower scores than other

college aspirants on reading; vocabulary; and mathematics tests; their grade

point averages were lower than those of students planning other majors, and

the number of mathematics and science courses takem im high school was less

for education majors than for others, as was the proportion of courses taken
that were in academic subjects. Although these differences in academic
qualification are more pronounced among males than among females, they apply
in both cases. :

Table 6

Academic - Total _° . Male ~ Female
Preparation Education Other Education Other Education  Other
Measure . Major  Major Ma jor' Ma jor Major Major
Test Scores o o : o o L
Reading 52.31 54.77 51.86 55.13 52.45 54.42
Vocabulary 51.69 54.55 -« 51.25 55.20 51.70 53.91
Math 51.54 55.02 51.79 56.58 51.46 53.51
Grade Point o L o - -
Average* 6.25 6.36 5.79 6.18 . 6.39 6.53
No. of Mathematics __ L o o o .
-~ Courses 2.53 3.12 2.50 3530 2.53 2.95
No. of Science o o B R -
_ Courses _ .62 <94 74 1.09 - .59 .78
Proportion 1ia ' ; : :
Academic N s o .
Pfﬁgi’.‘éﬂi .55 ;66 6&7 068 058 066

*Self reported, on a scale of I to 9.

Source: National Center for Education Statistics, 1982c:

The mathematics tests used for the class of 1972 and for the class of 1980 g

were different and cannot be compared. However, comparison of scores on

reading and vocabulary tests reveal a drop across time (See Table 7). Reading

and vocabulary levels may not be the best indicators of the quality of
potential educators in science and mathematics; but it is hard to see how

effective teaching in any subject cam occur without the teacher having these

skills. -

Equally distressing is the proportion of all high school courses taken

that were in academic subjects. Among males planning education majors, less
than half of all high school coursework was in academic subjects; and for

females, the proportion was only 58 percent.
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Table 7

Mean Vocabulary and Reading Test Scores® of College Aspirants by Sex and
Intended Major, 1972 and 1980

.

Test Intended Maie Seniors Pepale Seniors
Major . 1972 1980 1972 1980
Reading Education 10.59  9:69 11.88 9.99
Otlier ) 12.03 11.16 12.35 10.84
Vocabulary Education 6.50  6.20 8.05 - 6.59
Other 8.19  7.43 8.49 7.31
¥Scores are mean Formula scores (1.e., number of correct answers adjusted for J
guessing). Maximum scores are 20 on reading and 15 ou.vocabniafie ‘

: . Amiong women, the differences in academic qualifications between those __
platining to major in education and those entering other fields appears to be
widening: Although this trend is not observed among men,: the preponderance of
women within the total group makes the finding significant as a tool for
assessing the quality of tomorrow’s teachers. : ‘

‘Thete are no data separating potential science and mathematica teachers .

from other ‘teachers; but as noted; teachers who are mot qualified 'in
mathematics and science; but have credentials in other areas of education, are
teaching mathematics and science anyway. Thus, we must be cotricerned with

_ Sotie of the States also have examined the quality of education majors.

For example, Virginia reports that the students who enter its educatiom
prograas tend to have lower entranoce test scores than those who enter other
college programs (Moore, 1982). Education majors at State universitles scored
an average of 121 points lower on the combined mathematics/verbal-SAT than did
their counterparts who graduated in other fields. At private colleges,

education graduates scored 80 points below others at their schools.
CHANGES IN STUDENT -ACHIEVEMENT - _
#ihat information do we have on the effect of these teacher shortages and

exchanges on student achievement? We cannot document the relationship, even

as to whether it is cause or effect, but we can examine changes in atudent

achievement.
ﬁi 7. si, e
Since 1962, at the height of the post-Sputaik push for better U.S.

athematics and science training, mathematics scores on the Scholastic Aptitude
Tests have fallen steadily, as have the verbal scores (CEEB, 1962-1982). The

\
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National Assessment of Educational Progress (NAEP), in assessments of

mathematic skills conducted in 1973 and 1978, found a sharp drop in the
ability of students; particularly 17 years old, to apply classroom theory to
the numerical problems of everyday life. Information released by NAEP on
February 8, 1983, showed a continuing decline in 1980: In this same age

group, there has been a steady declinme in the science achievement scores as
measuréd in national assessments in 1969, 1973; and 1977 (NAEP, 1978; 1979).
This decline also continued-in 1980.

Lowered scores have not been iimited to the SAT and NAEP testing prograis.

Consistently lower annual mean scores have been registered on_ the American
College Tests (ACT); the Comprehensive Tests of Basic Skills (CTBS), the Iowa .
ests of Educational Development (ITED), and the Minnesota Scholastic Aptitude
Test (Jones; 1981).

The decline in average SAT Scores may have reached its nadir: The 1981 -

mean scores were the same as those for 1980, and the scores in 1982 actually
increased slightly because of an increase in the scores of Black students. In
the 1982 tests, Black students' scores rose an average of 9 points on the
verbal side .and 4 points on mathematics, while whites gained 2 points in

verbal and remained at the same level in mathematics (CEEB, 1962-1982).

‘Declines in test scores during the 1960's and 1970's have been attributed

- to a host of protlems in home; school, and society. The relationship between
the quality of mathematics teachers and student mathematics scores is not_
quantifiable, but a declining score pattern might, in part, be a cause and, in
part; an effect of a shortage of qualified science and mathematics teachers.

In other words; a viclous circle.

 Some educators and noneducators have attributed this slide to the "new
math” programs introduced during the late 1960's; while other studies show
that mathematic achievement is higher for students using the new curriculum

than for those taught in the traditional way.

chool Graduation and Colle

 Other indicators of student achievement also should be *noted. Since 1970,
there has been a nationwide trend toward reduction in the number of courses in
nathematics and science, as well as in such areas as foreign languages, that _
are required for a high school diploma: Only onme—third of the Nation's 17,000
school districts required more than one year of mathematics and sclence for
graduation in 1982, and one~half of aill high school graduates take no
mathematics or science at all beyond the 10th grade (NSF, 1982a & b).

_ Also, as a group; colleges and universities have lowered their
requirements for admission. This has necessitated extensive increases in
remedial courses in most institutions. Remedial mathematics enrollments at
4-year institutions increased 72 percent between 1975 and 1980, compared to a
7 percent increase in total student enrollments for the same period. In.
public 4-year colleges, 25 percent of the mathematics courses presently being

taught are remedial, and at 2-year colleges, 42 percent of these courses are

remedial (NSF, 1982a & b).



A recent study by the National Academy of Sciences also documents a
decline in the number of science courses taken by college students who are not
specializing in science, engineering, or science-related profesgggg§:7 In

1980, the average nonspecialist coiiege student devoted only 7 percent of
caursewark to science (NSF, 1982a & b).

~_ The proportion of high school atuden;é who have taken acience and __
mathematics courses that would prepare them to enter and understand college
courses in thia subject has 3rown smaller, and the @roportion who are fully

graduates and less than one-fourth of those who enter college.

Two studies Eilthe Nationmal Center for Education Statistics provide

information on the science and mathematica preparation of high school seniors.
. One shows the proportion of all seniors in the spring of 1980 who had taken
particular mathematics and 8cilence courses (See Table 8).

Table 8

Percent of Seniors Who Took Courses, Spring 1980

<

Course Total’ Men Women
Algebra I_ 79:3 78.7 77:9
- Algebra II 49.0 513 47.0
Geometry i 56:2 58.0 54.6
Trigonometry T 25:6 _29.9 21.7
s Calculus 7.8 79-5 ,6-,0
Physics 19.4 25.7 13:6.

Chemistry 37.3 39.2 ?3}4 :

Source: National éiﬁtér for Education Statistics, 1982d. -

Considerins that extensive efforts are being made to brins morf—women into

science and engineering fields, their consistently lower participatiom in
mathematics and science courses is troubling. . Only 28 percent of those inm the
.1980 high school class took 3 or more years of mathematics in grades 10 to 12,

and only 18.5 percent took 3 or more years of sciemce. About twice that

proportion (30.1 percent) completed 2 to 2—1/2 years of science.

The situation is somewhat more pronisins 1£ we exanine the average number
of semesters of science and mathematics taken in grades 10 to 12 by high
school seniors in 1972 and 1980. In Table 9 we see some increase in
participation.
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7 - Table 9
Average Semesters Taken by Seniors in Grades 10 to 12

Subje _All Students  Mem Women
1972 1980 . 1972 1980 1972 1980

Mathematics 3.6 4.1 4.0 4.3 3.2 3.9

Science 3.4 34 3.7 3.6 3.1 3.2

However, the small increase in science courses taken by women 1s accompanied
by. a small decrease among men. Doth sexes have increased the numher of

Semesters of mathematics taken during their high school years (Scientific

Engineering Technical Manpower Comments, 1982a).
Cause or Effect? ;

~ If good teachers are leaving and only the poorer students are entering
teaching; is this a reflection of the low salaries paid to teachers, or are
the low salaries a reflection of the quality of teachers and teaching as seen
by the taxpayers who must vote; directly or indirectly, on those sSalarles? Is
the inability to raise salaries for teaching fields in short supply
attributable to union rules and senlority practices, or is it attributable to
citizens' perceptions of. sclence and mathematigs fields as not important
enough to be taught by qualiffed teachers? How important is %he fact that

: able women interested in mathematics and science are no longer relegated to
) teaching as the only acceptable place for their talents? /} .
" Vhy have scores on the mathematics SAT detlined so steadily for so lomg? -
Is it poor or uninspired teaching that has resulted in the ccitinuation of the
Score decline long afte= the original shakeouts of adding significant numbers

of students who would not have planned to go to college in earlier years? Or
has the continuing decline in test scores résulted in a lessening of quality

among those who seek to enter teaching careers? Or are all of these factors
intertwined as both causes and effects?

FEDERAL SUPPORT FOR SCIENCE/MATHEMATICS EDUCATION

 Some thoughtful educators believe that only nationsl intervention can
‘bring about solutions to the shortage of matheamatics and science teachers.
“Others beilieve that education is a State and local responsibiiity and that the

Federal Government should not interfere. Many members of this same: group

belleve that past Federal efforts have been useless, or at least imeffective.

The support of the National Science Foundation for such activities as

summer workshops for teachers and other inservice training disappeared geveral
years ago, although the FY 1984 budget includes $5 million for such programs.
For the pdast 2 years, the administration has indicated that previous support
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for science education was extensive but had not succeeded; and therefore it

should be dropped. The facts are just the opposite: NSF support for sciemce
and engineering education has declined steadily and steeply for the past 22
years, with science education's share of the NSF budget dropping from a high

of 47 percent in 1959 to its present low of 2 percent as shown in Figure 4.
Figure 3

NSF Sclence Education Funding as a Percent of Total NSF Budget

Percent ) 7
5 oL ’ -
4] | | /\ | " |
sl | | “
35| / -
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25| »
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L I 1 i I SR S = ¢
1950 1955 1960 1965 1970 1975 1980 1985
 Piscal Year
Source: National Sclence Foundation.
_The FY 1984 Sﬁ&gét;7h§9gv§§;7;i§;§§6§”i39 @illion for science educationm,
with 51 percent targeted for precollege teacher improvement in science. and
mathematic activities. Further, $50 million is to be provided to the States

in matching grants for l-year scholarships to retrain unemployed graduates;
fields, and retirees as science or mathematics teachers.

teachers’ in surplus

This crash program aims to produce 7,000 more teachers per year.

_ NSF support for precollege science education dropped sharply over a_
20-year pericd; going from 72 percent of the Foundation's sciemce education.
budget in 1959 to 22 percent in 1980.  _Ian 1982, NSF's entire science education
division was eliminated. As shown in Figure 5, the decline in NSF support for

secondary school science and mathematics correlates quite directly with
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declining achievement in sclence as measured by the National Assessment of
Educational Progress, and that decline has continiied both in bidgets and test

scores. While this does mot mecessarily imply & cause and effect

relationship, when coupled with other evidence the relationship appears

. reasonable (Klein, 1982). But especially worrisomeé is the decline among the
high achievers—-those who.will provide most of the potential pool for sciemce

and engineering careers. o
Figure 4
Declifies in NSF Support of Precollege Scienmce Education Correlated with

Declines in Science Achievement at the Secondary Level

*

701

NSF Precoiiege-Science Education Support 0 Percentage Deciines in Science
(Milllons of doliars) = Achievement i
) : (17-yesr-old-students)

85 66 7 68 69 70 71 72 '73 ‘74 75 ‘786 77

Source: National Science Foundation and Education Commission of the States.

CURRICULUM DEVELOPMENT -

Another likely reason for the decline in the quantity and quality of
mathematics teachers is that curriculum development activities have been

almost dormant since the post-Sputnik efforts. Although there has been much
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criticism of the "new” curriculums produced with NSF support, a recent study

indicates that they have been far more successful than-most people realized
(Anderson, 1982). . . .

 'An analysis of 105 studies involving 45,000 students compared those o
eurolled in new science curriculums and -those in traditional curiiculums. On

every meaéﬁfq%:iﬁélﬁdiﬁé attitude, achievement; and process skills; students .
taking the ne .
the BSCS Biology and Chem Study programs scored 17 percent higher than those

NSF curriculums scored 14 percent higher overall. Students in

in traditional programs. Perhaps most important is that students from low

socioeconomic groups scored 24 percent higher using the new curriculums; which

gave minority children in those programs a decided edge over similar children
e fa . 5

exposed to traditional curriculums.

These studies covéred a period of several years in the 1960's and 1970s.

Few teachers are left in the schools now who are qualified to teach the new
curriculums, and almost none have been given the important inservice training
since NSF stopped support several years ago. The 1984 budget includes a $5
million program to support wotkshops and other training activities for i
precollege science and mathematics teachers. _Further; these programs are in’

serious need of medification gnd reglsion to take into account the developments

of the past 20 yeats in such areas as computers, modern electronics, and

technology applications. The 1984 budget does not include- funds for =~ ' ;.
curriculum development. o ;
.+ Only if teacherd find thelr subject interesting can they transmit that
interest to theitr students. Teachers who are themselves unskilled in their
subject matter or who are using teaching materials they do not_understand or
appreciate are unlikely to inspire interest in the gubject among their . -
-students. 7 : . T
INTERNATIONAL COMPARISONS T v

One reason that our problems in mathematics and sclence education concern

us is that we live in an intermatiopal setting. We can mever again restrict
our coficerns to thc confines of our own country. We have potential enemies

and potential trade competitors all over the world.

. The deciining emiphasis on science and mathematics in the U.S. school
system 1s in marked contrast tu
(NSF; 1982a & b; Wirszup, 1981;

Union all provide their citizens
mathematices.

_the emphasis of other industrialized countries

avage,-1981). Japan, Germany, and the Soviet
with rigorous training in science and :
n science and engineering education suggest

ics. Comparative studies eering
that students in these countries are etting the kind of education that may

allow them to overtake the United s:g:agtif scientific and technological

advances with both industrial and military applicatioms.

For example, almost 100 percent of Soviet students complete secondary

education, compared with 75 percent in the United States. . Compulsory science
in the U:S.S:R:. includes 5 years.of physics and 4 of chemistry; fewer tham 20
percent of U.S. high school graduates take 1 year of physics, and only 37
percent take one year of chemistry. The U.S.S.R. offers its students

]
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sequences of course material in sclence and mathematics starting with an
intuitive level of understanding and progressing to empirical levels and,_

finally, to formal axiomatic and theoretical understandings. U.S. studerts

entering these subjects are immediately introduced to abstractions, without

the prior steps:. For many students; these concepts seem hopelessly difficults;
thus, the students fail or drop out, of, on advice of others, simply avoid
_taking the courses betause they believe them to be difficdlet. -
A1l Soviet students study algebra; only half of the U.S: students do.’

Indeed, half of all U.S: high school graduates take no mathematics beyond the
10th grade. Calculus i8 taken by all Soviet high school students *but by only

3 percent of U.S: students. Seven States require no high school mathematics
at all. ~

H - P

Nearly all college-bound students in Japanese secondary schools take three

natural science courses and four mathematics courses during their 3 years of
high school: While SAT scores wer® drﬁﬁﬁiﬁgiiﬁrtbgtgngggg States, the -

achievement test scores of Japanese seniors_increased from 54 percent in 1964
to 71 percent in 1981--a gain the Japanese attribute to "modermization of the
curriculum.” By 1970, Japapese seventh graders ranked first in mathematics
over students from 12 industrialized countries; including the United States,

and scored first among 19 nations ‘in sciénce tests in both the 10- and
l4-year-old age groups. _In an'-ongoing second international competition
involving 23 countries, Jjapan's current preliminary results show significantly
increased score's ovef those of Japahese students in 1970 in both algebra and “

. analysis, including calculus (ﬁé?éiﬁﬁditéii_eC6ﬁd International Mathematics

Study, 1982). ; o ..

It #s not surprisiag, then, that from 1963 to 1977 industrial productivity
grew 197 percent in JéﬁéﬁifCGﬁpared7qi§§7§73§ﬁgggggq§”growth in the United
States. Japan dominates the auto and steel production industries, has almost

eliminated competition in consumer electronics, is the industrial leader in _
robotics and optical electronics, and is rapidly overtaking the United States-
in semiconductors, computers; and even genetic englneering. ;

_grade 10, and the only variation is in specialized science-oriented schools

where each subject i1s studied more intensively.

In West Germany, there is a standard curriculum for all students through

It 18 a reflection of these differences that; on a per capita basis for
the relevant age group, for every engineer graduated in the United States, the
United Kingdom produces l.l; West Germany, 1.4; Japan; 2.6; and" the Soviet
Union, 4.1.

PUBLIC SUPPORT FOR SCIENCE AND MATHEMATICS EDUCATION .

The interim report of the National Science Board's (NSB) Commission on

Precollege Education in Mathematics, Science and Technology notes that the
public has not understood the importaiice of a firm grounding in science and -
mathematics for all people in a modern technological society; although there

is evidence that such understanding is increasing (NSB, 1982).



&
For example, the 97th Congress received strong support for bilis on this

i5sue, and acience education will be the subject of major legisiative efforts
of the 98th Congress. Administration support is indicated by the FY 1984 -
budgets for Science education. Beyond this, the Preaidsat has announced a $50
million cash program to try to produce 3,000 new mathematics and sclence _

teachers per year by providing l-year scholarships to unemployed graduates,: .
teachers in surplus fields, and retirees, for retraining as science and :

mathematics teacheérs. Provided in the form of block grants; the money is to
be matciisd by the States. Some educators have expressed doubts that this
retraining can be accomplished in 1 year:. Nonethelecs, this plan; along with
‘the increase for science education in the NSF budget; demonstrates the _ ‘

political view that the public wants improvement in science and mathematics

teaching.

Some States have made serious strides in pushing improved mathematics and

sclence education. Eighteen States have euacted legislation to raise

standards of eligibility for teacher education, although this move has nnt.
generally been accompanied by incentives to attract better students. Public
institutions in eight western States have announced or imposed admission
standard changes; or are discussing changes for the future, including

tightening requirements to include more high school courses, especially in

English and mathematics (Scientific. Emgineering Technical Manpower Comments;
1982b). ' .
Public opinion polls show that mathematics and science education rate high

among items that taxpayers are willing to support with their taxes. L
Hathematics ranked at the top in a Gallup survey of subjects deemed "essential”
by the general public for high school-students, with 97 percent of the

" respondents placing it in that category. Science got 83 percent, coming in
fifth behind English grammar and composition; civics and government, and U.S.
history (Scientific Engineering Technical Manpower Comments, 1982b) .

CONSEQUENCES OF THE TEACHER SHORTAGE
 The result of shortages of qualified science znd mathematics teachers

already is being feit. Some schools have dropped mathematics courses,
particularly advanced courses; for lack of qualified teachers. _Many schools
no longer offer physics. Almost all districts have had to use teachers not..

certified in these ‘subjects, and the results have often been less than

‘Present and projected shortages of students who are both qualified for and

interested in careers in acience and engineering cannot be rectified unless a
higher proportion of the diminishing high school population is given the =
necessary preparation in high school to enter these curriculums at the college
level. :

‘The need for technical personnel in the Armed Forces is well known. This
need encompasses the enlisted personnel required to maintain and use all kimds
of technical equipment; as well as the engineers and scientists who develop -

and use sophisticated weaponry. A recent Department of the Air Force report

examining sclentific and engineering shortfalls (U.S:, Scientific Advisory
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'Board, 1982) concludep: “Unless corrective action is takem; the USAF

anticipates shortages of at least 10-15 percent in military personnel with the
most current scientific and engineering requirements.” Equally important is
the fact that some military equipment is standing idle because too few
enlisted men have the background in mathematics and science to be trained in

the use and maintenance of the equipment.

A national study conducted in 1980 shows that only 18 percent of tﬁéfﬁ;ﬁ;
adult population--varying from 4 percent for persons with Aess than a high*
school diploma to 55 percent of those with a graduate degreg--is interested in

and informed about scientific matters. Only a small percentage of Americans

indicated that they would take an active part in controversies involving

science and technology, and only ofie in seven has a minimal understanding of
what it means to study something scientifically (NSF, 1982a & b). This leads

inevitably to an electorate that may support or protest difficult policy

decisions on an emotional rather than an informed basis.

This is not the first time that the United States has fallen behind in
some aspect of technological development; but the consequences of this present
lag; 1f no change is made; could be far more serious than in previous
Z;rcumatances because of the rapidity of technological advancement.

e

ThHere is no exaggeration in reporting that the science and mathematics
teacher shortage and its consequences are at a crisis level. Some movements

are afoot to alleviate that crisis; but in other areas; we do not seem to care
enough to take whatever steps would be required to provide“an adequate supply.

of well-trained, interested science and mathematics teachers and the equipment
and supplies necessary for them to do their jobs well. Most school -districts
are unwilling to raise teacher salaries as they must be raised to attract and
retain competent teachers, although most citizens in those districts probably
would recognize that, in a democracy, we tend to recognize worth by the salary

levels we establish for particular activities: Despite unemployment rates now

in double ‘digits, we are not taking the necessary steps to provide the

educational background st the precollege level that would allow and encourdge
many more of our citizens to become proficient in those skills for which jobs

still go begging, even during periods,of high unemployment.

chinese. The calligraphy for their word meaning "crisis” consists of two
words: "wei,"” meaning dangerous, and "chi,” meaning opportune. Perhaps more
emphasis on the opportunity that exists in this crisis might help us to
alleviate the danger.

As we move to resolve the crisis, we might keep in mind a lesson from the
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OBEN DISCUSSION

DR. DAVIS (Steve Davis; School of Science and Mathematics; North
Carolina): We hear a lot of statistics about teachers leaving schools,

particularly mathematics and science teachers being attracted by industry.
I was wondering if anyone has done a comparison of whether it's necessarily

1ﬁdﬁ§try attracting mathematics aﬁd science teachers or whether it's other

careers attracting: all teachers. In other words, the statistic I would be

interested in is ﬁhether the percentage of science and mathematics teachers

leaving for other careers is significantly higher than jus? teachers in

general leaving for other careers. :
 MRS. VETTER: I don't know of any study; éicéﬁt the ones that have_looked

there probably are some.

DR. ALDRIDGE (Bill Aldridge, National Sclenice Teachers Association): We

have some indirect evidence that many of the poaitions ‘being filled in science

and mathematics are being filled by these other teachers.f So I beIieve that
if one looks at that, it provides some indirect evidence that we are not

 losing those teachers to industry in the same way we are the science and
- mathematics teachers.

'DR. SHULMAN: But what about losing them to real estate and other

nontechnical jobs?

~ DR. STOEL (Carol Stoel, U.S. Department of Education): I think we are
losing non-sclence and mathematics teachers because there are mo jobs for

themi. New York City laid off 1,500 people 2 weeks ago who were not science

and mathematics teachers. In Baitimore County, as I understand, they latd off

some science aud mathematics teachers in September.

science and mathematics teachers, aupplementins,with underprepared teachers

- for the science and mathematics field; and not having the budgets to even hire
part-time resource sciénce or mathematica teachers where you might be able to
use them. So there are four points there that are working almost against each
other. » '

DR. SHULMAN: So, Steve, in response to your questtou, there appears not

to be a national body of data unless we have something from the UCLA study;
7@{&. ZUCKER (Andrew A: Zucker; U.S. Department of Edi.ication) I{u’njei

scary. In other words, it may be teaching, not just science and wathematics,
that is the problem. .
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DR. SHUIMAN: I think that, over the course of the next couple 6ffdays;7ii

may have to address a number of times this question of: Are we singling out _
science and mathematics when; in fact, the problems are generic? I think that

is an important observation.

'DR. HECKMAN (Paul Heckman, UCLA, Study of Schooling): Again, it seems to
fie it's a good quastion. In our data in 38 schools with teachers, two things
occurred. When we asked teachers why they went into teaching, they said

because they liked the subject matter or they liked the notion of teaching.

When we asked them if they'd do it again (and I don't have the specific

percentage), about 30 percent of those people said they would not do it
"again--across the subject fields. ' ,

_ DR. SHULMAN: I often wish I had the same kind of data on dentists because
I suspect that not all of them would want.to do it again either. We never

know what the baseline to compare these things to is, and we tend to assume

that in all other fields outside of teaching, everybody is content and happy

and pleased with what they're doing. Maybe that's something we have to know.

 DR. STAKE (Robert Stake, University of Illimoia): I'm wondering if you
have some information on manpower needs in those specialties that are most
predatory on the teachers of mathematics and science. Can we expect, over the

next 10 years, strong recruiting efforts to get anyone who has the talents

that a mathematics teacher or a Science teacher has?

MRS. VETTER: We have a number of projections made by various Government .
agencies. They rarely agree with each other. We have some made by industry

that, as has been pointed out by many other people, tend to project &8
ghortage. Government tends to project a surplus. But I think ome must always

recognize that when you're looking at this, you see a shortage or a surplus

depending on your vantage point. Ard what industry is really saying is, "I'm

afraid I will not be able to hire emough of the students who come out of the

top 50 percent of the class and have at least a B grade-point average.” And
the Government is saying, "Well,; we are going to graduate 'X' number, and I

don't think there will be that many jobs,” forgetting that, indeed, these

people don't always end up working or even wanting to work in the area in
which they have a degree. If we had all the chemistry majors working in
chemistry-—whoever got a bachelor's degree in chemistry——we'd be overrun by
chemists, to say the least., Half the women I know have degrees in chemistry.

Notie of us are chemists.

DR: {ALLEY (Wilson Talley, University of California, Davis): I have an
anecdotal comment; but since it came from a senior planning official for the
telephone company, I think he ought to be iistened to. He says that he thinks
it's just fine that the Government plans to increase the number of people
qualified to teach science and mathematics in high school; that will make it

easler for the telephone company to get the programmers they are going to need
over the next 20 years by offering them $5,000 to $15,000 more a year than '

they will get as teachers.
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MRS VETTER: The important thing to note is that there is no way of

projecting suppii and demand. You have to do both on the basis of certain __

assumptions. If any of those assumptions are incorrect; your projections will
turn-out wrong. If they are all correct and anybody listens to them; they
will turn out wrong because people ‘then won 't do what you projected they would

So I don't have a great deal of faith in the projections. I do say,

however, that we can constantly watch two things, and I think they are

terribly important: one is the unemployment rate within a particular type of

activity or industry; and the other; which is equally valid; is the starting
ralary ;EYEIE,Ye,§re offering to people: By and large; beginning salaries are

a very good reflection of demand for new people.

DR. LOCKARD (Dave Lockard, Science and Mathematica Curricula Development,
-University of Maryland): Just an observation on a set of data that we don't
seem to have. Our experience in science education, for most of us over 25 or

30 years old, is that most science teachers do not make a decision iu high

school or even in their freshman or sophomore year in college to become

science teachers. They transfer from science majors: I think that it would.

be interesting to knmow about that, because it does affect the supply and
demand . .

iﬁVéEfigitor for the 1981:82 National Assessment in Science) I'd 1ike to
offer some encouraging news. The enrollments 1n Sclence courses at the high
school. level-—-the traditional courses of biology, chemistry, and physics—
have increased slightly in the past 5 years——about 5 percent-—even though
total enrollment in science has remained relatively stable.. For example, 33

percent of the seniors’ enroll in gome kind of science coursei

It seems strange to me that with enroiimenta remaining atable at the

secondary level, that doesn't quite fit very well with the loss of teachers.

At least I think we are going in the right direction. Furthermore, the

declines in science scores that were typical in the 1970'a seem to have

fieed to say that there were a couple of remarks that Betty made about NSF that

DR. Bﬁééiﬁé (Alphonao Buccino, National Science Foundation) I feel a,,,

I think really could be qualified a little, but I won't bother to do that. I

do have another point about what Betty said that I think may be significant,

especially for NIE, the Department of Education; and NSF.

Betty indicated and we all know that these data are incomplete, they have
gaps and holes in them; and there are a lot of difficulties with them: The

one chart; for example; about 1972 and 1980 enrollments that seemed to show
some kind of increases...l've gotten into very, very-serious arguments with

people &bout that, because when you look at the disaggregated data, there are
argiiients about where those increases might be.

At any rate, the point I'd like to stress is that I hope we can take the

attitude here that Betty's presentation is not the last word on the subject,

with aii due consideration to Betty; as far as data itself are concermed.
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MRS. VETTER: That's right.
DR. BUCCINO: And ome of the things that this conference might pay some

attention to and suggest to us in the Government is that what we need to do is

to keep an eye on this situation, perhaps give us some guidance as to the data
and information collection that might be done. All of us agree that this
problem; no matter what happens; is not going to disappear in the very near.
future: We've thought about it at NSF in l0-year terms. This teacher problem
i3 at least a 10~year problem. So there will need to be information and
monitoring over a long, long period of time.

77777 I'd 1ike to underscore that ome of the things this conference might do is
give the government——the Department of Education (mostly NCES) and NSF to some
extenc-—some guidance on monitoring and information needs that would be
helpful here. , ’

| MRS. VETTER: I think everybody in this Toom who has been tryinmg to work

on the data is highly grateful nmot only to hear you say that; Al; but to see
it coming through in the budgets and such...that; indeed; NSF is now

interested in the problem officially when we have known that many of you were

interested in it unofficlally before.

. I S 2 e
__ DR. SHULMAN: One of the things I hope the members of this group will keep
thinking about as presentations are made is the implications of some of the.
terns we use, like “underqualified” or "qualified” in teaching; as an example,

and what if anything we know' about what those terms represent.

These are important questions. They suggest, for example, that if we

trfeat the problems of the qualification of mathematics teachers by doubling

the number of mathematics courses they take in the more advanced mathematics

courses that the university offers; perhaps there will not be a magical
resolution of the problems of mathematics instruction, any more than the

problems of the (istressing rate of infant mortality in the United States

compared to other Nations is likely to be solved by adding an extrs year to
medical school. : | | _
I'm raising this point because I think that we have to think through how _

‘obvious some of the solutions are and whether it's a matter of simply adding
more of what we're doing or thinking through some radical transformations of

how it is we have been going about our business. o
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 NATIONAL NEEDS FOR SCIENCE AND TECHNOLOG. LITERACY--

THE ARMY AS A CASE STUDY

_ wilson K. Talley -

Professor, University of Califormia, Davis/Livermore

~ From the Yankee inventor through Thomas Edison to Silicon Valley, the _
United States has provided fertile ground for innovation in technology. After
Worid War II; almost without effort—and certainly without conscious .
direction-—we dominated the world in introducing and incorporating new

technologies into our society and in exporting them to the rest of the world:

Like agricultural produce, technology appeared to be a forever remewable _

resource: As fast as we sold yesterday's product, tomorrow gave us & newer
and better ome. : y .

Alas! For a varlety of reasons; for actions taken decades ago as well as

those today; we have lost that lead. Still stromg; we now have to reckon with

stiff international competition. - Whereas S or 10 years ago only a few of us
were coucerned by early trends; today everyone has focused their attention od
the symptoms of this decline. In the confusion of cause and effect, @ number
of studies and references indicate that, in the 1980's, we are facing or will
face:

A national shortage of scientists and engineers (S&E's);
A loss in the "technology” race; ST f .
Curriculum problems in primary and secondary school mathematics and

science; S . . . S
Instructional and facility limitations in universities.

 If true in whole or inm part, these observations mean. problems for our

Nation. In particular; Army leadership became concerned about the Army's

. ability to discharge its mission in the next decade and beyond. In the fall
1981, Deputy Assistant Secretary Amoretta M. Hoeber asked the Army Science

Board (ASB) to study these and other indicators, to assess their validity, and

to recommend actions for the Army and other organizations that .would relieve

the situation. The present paper is based partly on _the November 1982 "Summer
Study” report of that task force (Talley, Note 1) and the November 1980 report
of the President-Elect's Task Force on Science and Technology, as well as on

other studies and personal observations. Thus, while many of the findings ana

actions proposed here are to be found in the ASB Summer Study or im the task
force report; not all are; and so I must take responsibility for thems
ARMY SCIENCE BOARD SUMMER STUDY ON SCIENCE AND ENGINEERING PERSONNEL

 The Summer Study is one of the most complete assessments of the present.

and future S&E situations. The conclusions of the ASB Summer Study as to the
. Army's S&E problems are much more optimistic and positive than had been

expected: Unfortunately, the problems that were identified and the solutions

proposed are not as popular——in both senses of the word--as the participants

thought would be the case when they began. .
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. _Despite the fact that the Army tends to be the "canary-in-the-coal-mine”_
with respect to its sensitivity to S&E manpower fluctuations, the fundamental
conclusion was that the Army problems are manageable in the near term. This
is a very positive finding, for the Army's R&D efforts and S&E requirements

‘are a representative subset of the Department of Defemse's (DOD) efforts and

requirements, which, in turn, are similar to those of the rest of the Federal

Government: The Army's S&E quantitative requirements--numbers of people—are
not a large factor in any national shortage. Potential problems relate more
to quality than to quantity of S&E's. However, the Army has cause to be
concerned ﬁi%h the general national level of technological literacy.

| It was also found that, while possible solutions to the Army's problems

need more than just the Army to effect them, the Army can play a useful role

in solving some parts of the larger national problem.

_ In what follows; the needs and actions of the Army tend to be similar to
those of other elements of DOD, other Government agencies, and the private
sector. One area of the Army Science Board report——the need to increase the
numbers of career offycers trained as S&E's——is peculiar to the Army and so

will not be addressed here. Thus, this paper will discuss the most general

findings and recommgndations wherever possible. However, the ASB report is
one of the most refent; complete analyses of the needs of a major user of
§§;§§tifié and telhnical manpower and is thus an excellent, specific case - -

TISTS AND ENGINEERS: . SUPPLY AND DEMAND ESTIMATES

The original lmpetus for studying SSE manpower for the Army was &
perception that there were——or would be--shortages and that the Army would be
unable to cowpete in the labor market. Similar concerns have caused the other

services and DOD to examine ‘the situation and trends (Calhoun, Note 2; .
Hermann, Note 3; Rabim, Note 4; Benmett, Note 5; Seitz; Note 6). These

independent studies all tend to say that there is not a general manpower

problem; but that there.are problems. , o

But why 1s there no quantitative S&E problem for the Army? Demamd -
estimates—and to & lesser extent supply estimates—of future scientific

talent are motoriocusly unreliable: They have proved to be so in the past;
they are not likely to enjoy more accuracy in the future. Indeed, even a

current census of how many physicists are now plying their trade is
imprecise: Some do not wish to be counted; some degreed physicists-are mot
working in the field; and some in the field were not originally ‘trained in

physics. . ] -
 Given some figire for the present pool  of a particular type of sclentist,
however, actuarial estimates give reasonable numbers for the declines due to-

deaths, retirements, and job switching. This third factor 1s sharply affected

by external economics and/or scientific breakthroughs in particular fields:

. Complicating the picture is the fact that the decision to preserve the .
option of going into a career in the hard_sciences or engineering is best made
at the junifor year of high school——grade 1l1. The typical source of information
about job opportunities for these youngsters is television and the prinmt
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media. Because "news" is more often "bad news " the typical story about jobs
for scientists and engineers is invariably sbout unemployment. There will be

an occasional story about high salartes, but only because a "critical shortage.

of new blood is about to cost the United States its leadership in field 'x'."

Thus,; because of the 6~ to l10-year "processing” time; we tend to have cycles

in the technical manpower picture. At its worst; the oversupply in scientists

general population. Because the "normal™ unemployment rate for technical ]
personnel 1s an order of magaitude lower than that for the general population,
the periods when the technically trained lose their employability edge
occasion widespread publicity.

The bottom line on any set of projections is whether the end result is

predicted to be a matching of Jjobs to people or a mismatch in one direction or

the other. Because such "net” predictions tend to be reverse prophecies (that

is, they are the opposite of "self-fulfilling" prophecies); the important
consideration in evaluating the validity of these predictions may well be the
institutional home of the people making the projections. For example:

° Teams composéd of those represénting industry tend to predict future

shortfalls. This produces-an attraction of students into those

fields and, eventually, & glut, and industry finds itself in a
buyer's market for talent. '

() Professional socletties, especially those that are protective of their

members' careers, can be counted on to predict miserable times

ahead. The golden age is past, jobs won t be available,

were no other,influences,fthere would be a dimlnution,of,new entrants
into the pipeline, some already in would drop oiit, and the end result
would be an eventual seller's market.

. Academicians face a dilemma in that their institutions need grist for

their academic mills; but their graduates need jobs. Breaks from an

understandable paralysis of indecision generally result ino well-

. tempered; middle-of-the~-road projections. However; these ‘usually are
projections that tend to run agpinst the stronger of the two currents
above. . Y

Despite these problems, heroic efforts on the part of people 1ltike Betty

6etter have produced useful quantitative estimates of the current supply of

scientists in the United States, with the variations in these estimates being

due mostly to differences in data bases. For instance; to be included in the

Mational Science Foundation's (NSF) total science and engineering pool, an
individual must possess two or more of the follcwing qualifications: 1)
highest degree is in science or engineering, (2) current or most. recent
employment is (was) in a science or engineering job; and (3) self-
identification is as a scientist or engineer. Qualified scilentists and ~
engineers employed in non-S&E Jobs who report their non-S&E field are not
counted in the survey. The size of the pool, as reported by the NSF, is 2.741

million. Considering that 5.58 million persons have earned ome or more
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degrees in science or engineering since 1948, ome could conclude that S&E

ghares with law training the fact that 50 percent of thor: trained in the

field do not practice the profession:

Of the DOD employment of SSE'S, the Army can be considered “average” ‘or

¢ “representative” of three services. While the Ammy has fewer uniformed S&E's
‘ ° than the Air Force, it has more civilians, Thus, it is not surprising that .

the recent ASB Summer Study agrees in genmeral with the conclusion of other DOD
studies in this area. Namely: Despite occasional regional mismatches of _

supply and demand in some fields, the problems of the Army (and of othérs in ;
DOD) in recruiting and retaining quality SGE's are only secondarily related to .

these .shortages, While exceptions can be found, particularly for upper level
S&E vacancies left from the massive retirements and resignatioms in 1979,
neither available aggregate statistics nor .interviews with Army R&D managers
support a conclusion that the Army is unable to éttggkt and retain adeguate
numbers of S&E's: This is particularly true at the "working level"—-GS~7 to

GS-13. Since October 1980, the size of the Army S&E workforce has grown by,

approximately 7 percent, from 27,500 to 29,600. The Army S&E voluntary loss

rate, which in the 5-year period 1976 through 1981 ranged from 1-1/2 percent
to 2-1/2 percent, compares favorably with the Department of Defense as a whole

and with coiiparable industry statistics.

‘In the event of a real shortage, and certalnly with respect to hiring

quality S&E's, the Ammy is at a competitive disadvautage with the private

sector for several reasons: The Army is unable to pay for expenses incurred
in an employment interview; the Army takes a considerable amount of time to
make a job offer; and Army starting salaries are lower:. Although the Army may
. hire directly, scientists must appear on an Office of Personnel Management
register before the Army can even consider them for employment. This is
particularly unfortunate in the case of ébﬁﬁﬁtérfég;ggtizgg;igggiwhoﬁ the
nationsl shortage 1s az serious as it is for engineers: In short, the

Government personnel syStem does not accommodate to the needs of S&E

employees—they are a minority much more strongly affected by market forces
than the majority of Government employers. ) . ¢
 Overall, however, the Army has oo "numbers” problem because the Army
employs only about 1.2 percent of S&E's, its skill mix lags the current
pational distribution (so the Army does mot compete for the newest; thus
smallest, components of the pool), and it usually does not attempt to compete
against industry for the very top S&E's. )

That ends the good news. .
REDUCING DEMAND . o ‘ i

\titative Problem with ==~

gince there is no

“SS—_ mhe-fact-that thiera-d6es not appesr to be 4 qus
fn.;,:_‘“AiTE\E*Slihgglﬂ not lead to a false sense of security,

S gpydetive buSts—for-cancluding that the quality of khe SGE's is adequate to -

meet Army requirements. Each year, Some-150-60-200! S&E's voluntarily leave
the Army work force at the GS=12 level. This fact may not be .disturbing in

itself. If, however, these losses comprise the higher quality from the

journayman level, as many managers seem to belleve, the numbers become. =
alarming. There are parallel losses in other DOD gservices (Rabin, Note 4) and
in non-DOD agenzies. ) .
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There is a distinct lack of objective’ 1naicator§. Anecdotal comments,
ranging from "quality has never béen better” to "none of them are competent,”
_can be found to support any claim for current new hire quality. Similarly,
quality assessments of existing S&E's are subjective and diverse. Unless the
Government commits itself to making objective assessments of ‘staff quality,

which can be monitored for trends, it will never be in any better position to
confidently assess the quality of 1ts S&E's.

_ Finally, the Army‘and the other services are shifting toward ever higher
technologies: It makes 1itt1e”sense7toispend millions on sophisticated

hardware and software 1f the people-—mot only officers but enlisted personnel
as well——needed to maintain, operate, and repair the systems are unavailable.

There® are several ways to attack mismatches of sgpplgiagdidgmgudii One

maﬂor thrust to rediice unnecessary demand is to review and rationalize the

manner in which defense contractors——a major sector of all S&E employers--use

guch people. DOD is captive to a procurement process that wastes S&E talent _

in the development of new systems and produces finished it7ms that demand high

skill levels of the ugers.

The ASB Summer Study points out that multiple contractor competitions may
result in largely wasted effort by many of the best S&E's of the losers. This
may amount to the loss of tens of thousands of valuable person-years. The

waste 1is particularly evident when all. contractors are technically qualified,

DOD specifies the design point details, and the competition seeks only to

establish the lowest credible cost estimates. Here, the low bid may result

- from minimum factory costs; yet the most creative and competent S&E's of the

1osing contractor(s) waste their time producing Saparate designs; all of which

meet military specifications.

Many DOD contracts specify complete system integration to allow minimizing
initial acquisition cost. Thus they make no provision, provide no budget, and
give no competitive cregit for designs having minimum tIhes and costs for

system uUpgradeés to overcote obsolescence. This can result in the use of

numerous contractor S&E person-years for major redesigns or in completely new

programs to correct a system for obsolescence of some of ‘its key elements;

despite the fact that other elements may not be obsolete for many years. S

fielding user-friendly systems,; that is, systems that require little i
training to use and that are easy to maintain, operate, and repair. 'Not only
do such systems enhance operational efficiency, but they keep the requirements

on the intelligence and &diicational background of operating personnel to

reasonable levels. This same consideration applies to civilian products, but

the market tends to favor user-friendly prBducts-—simple survival will

eventually prodice the easiest-to—use products.

-

The tendency to look only at front—end costs is not restricted to the .

DOD. The sewage treatment plant program of the U.S. Environmental Protection

Agency (EPA) is a particularly apt example, because of its eventual impact on
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primary and secondary education! The EPA pays 80 percent of the capital

costs: the State and local governments pay the rest: The problem is that the

$60 billion is spent primarily as a public works program. The technology
installed is that of the 1930's. Because of this, the operatiom and . =
maintenance costs over the 30-year life of these structures will be as much as

- five times that required of plants using the latest technologies. These
facilities require an unnecessarily high level of technical competence for

their operators. And the local gbvernment must pay the operating costs with
tax dollars that could have gone for primary and secondary school support!

Thus we have an example of a lack of "technological litéracy” .producing ‘a

:situation that is not only costly but tends to continue technological

1lliteracy.

INCREASING SUPPLY : =
' There are several aspects to increasing the supply of SiE's. One bas to
do with increasing the quantity of S&E's; another with maintaining their

quality. Yet another touches the matter of upgrading and increasing the pool
of high school graduates capable of (and interested in) careers in science and
engineering--and thereby of raising the general level of our national
technological literacy.y These topics are difficult to separate.

Training Scientists and Engine ers : b

No one has been able to establish an "ideal” student/faculty ratis, mor
3 anyone been able to ascertain the maximum ratio beyond which the quality

\ediication declines. However, based on authoritative statistics of the past

15 years, it is clear that neither the number of faculty nor the number of new

Ph:D.%s (the pool from which faculty are drawn) is growing as fast as

undergraduate engineering enrollment. . _
' In particular, the overall student/faculty ratio in United States

engineering schools has increased by nearly 50 percent since 1974 and is
continuing to increase. Furthermore, the number of new engineering Ph.D.'s

has been falling since 1972, with most of this reduction due to declining

numbers of United States citizens earning Ph.D.'s. As a result, the outlook
for the ngxt decade is still fewer engineers qualified to fill faculty
positions; with ‘the likely outcome béing further increases in the

student/faculty ratic. It is certain that if these trends continue, the

quality of undergraduate education for engineers wili at some point

deteriorate to an: cceptabie level.

Another problem is the abflity of universities to maintain first-rate
research facilities, as\ distinct from maintaining first-rate teaching
equipment. A decade or two ago, the major research universities had :
facilities that matched the best to be found in industry or in Government. No
longer. Deferment of replaci 1 as reduced the ability of some
schools to train S&E's in the forefronts of certain felds. Compounding the
problem is the fact that new\equipment is far more expensive than that it - .
replaces——far beyond increases attributable to inflation--and becomes obsolete

even more rapidly. This would \indicate that the traditional methods of = _
rebuilding these jassets (Government or foundation grants, say) are not likely
to work. \\\ , .
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Increasing the High School Graduate Pool

_ Great concern has been mounting within the past few years over the lack of
scientific and technological literacy, 1.e., understanding technology and its
potential, of United States high school graduates. Many factors are

responsible for this dismal condition. Very few secondary studeits take _any_

mathematics or science courses beyond 10th grade. - This 18 1in marked contrast

to countries such as Japan, Germany, and the Soviet Union, which provide

rigorous training in mathematics and science:* 1In many cases, students take

only the mianimum amount of credit hcurs in these subjects to, fulfiil the high

school graduation requirements. Because of these minimum standards, a smaii

" chemistry, or calculus. Honors or advanced courses are available at some
schools; but they are for those_few who have taken the prerequisites and who
want to take those courses. Only about one-sixth of all secondary school
students currently take junior and senior courses in mathematics and science.

The common perception is that this will eventually reduce the numbers of .
people studying for bachelor's, master's, and doctorate degrees in science and
engineering. There is little evidence to support this contention. On the

contrary, as engineers make up 6 to 10 percent of the coiiege population, the

pool of high school graduates that could major in S&E is still far larger than

the number who do major in S&E. Fluctuations in the number of S&E's in college
depend more on high school students' perceptions of career opportunities than
on the quality of elementary and secondarilmathematics and science education.

The more serious problem is related to the abiiity of our increasingiy '

technological society to function smoothly if our citizens do not-become more

- technologically literate:. While there can develop the gemeral problem of an

electorate having to decide between two technoiogicai options without fully

) "we won world War I because our troops could repair
N bicycles; and we won World War II because our troops could
repair trucks; but we "could lose a World War III unless our

,troops can operate and maintain computers!”

time in grades 7 through 9 be devoted to mathematics and science. The Soviet
Union has national elementary and secondary curriculums it mathematics and

sclence, and Germany. has a standard curriculum for all students: In contrast,

in the United States, most students take no mathematics or science beyond

grade 10, only one-third of the 17,000 school districts require more than 1

year 9§,Q§t§§935155 or science to graduate, &nd classroom laboratory

factlities and eqnipment are obsolete and/or unsuitable for modern technical
training. i
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Even if this is only partly true, it illustrates the fact that the Ammy_

should be very interested in the general population's level of_ technological
competence.. "High technology” is a relative term. The typical U.S.S.R.

inductee must be taught to drive a truck, while his United States Tounterpart

begins service with that skill. This operaticnal advantage should remain with

if the average American retains a

the United States even to the year 2000,

level of techmological literacy comparable to that he or she has today.
A .

. Unfortunately, the present “educational system” in the United States

primary and secondary schodis-works to slow the rate of rise in its graduates' ,

technological literacy: Comsider: Of those high achool graduates who have

little interest in or aptitude for the hard &ciences, some will go on to

college. Not surprisingly; few of these people will take advanced
mathematics, statistics, physics, or chemistry. Given these circumstances,
‘their career choices are constrained. Among careers open to them is =
~edication,” and some will select that field. Upon graduation from college,
they become accredited primary and secondary teachers. While some accredited

teachers are competent to teach science and mathematics, they are in short
supply.* Indeed, those who can teach these topics are eagerly sought by

industry. As it's rare for- competent mathematics and science teachers to
receive premium pay, it takes dedication to resist industry. The odds then
tend to favor the situation in which the next generation ia exposed to

mathematics and science by people uncomfortable with the topics. Students
taught subjects by teachers who are incompetent in those areas are unlikely to

explore the topics further:. And so the cycle repeats.

SOLUTIONS: SHORT— AND LONG-TERM ‘

"'k present national problems and trends were a long time in building, it

18 Dot likely that the solutions will be easy to apply nor quick to take

effect. Further, no one element of our society cau provide all the answers by
itself--certainly not,; for example, the Army. And as an illustration, the -
Army can remedy only a few of its problems. But there are. actions that can ba
taken by the Army, by the DOD, by the Government, and by the private sector
that can have immediate impact. And there are other actions that can lead to

the long-term resolution of our difficulties.  Both short-term and long-term
gsolutions should be attempted. : :
The Firat actions should be those that reduce the demsnd for scientists -

and engineers. As an example, DOD acquisition procedures that presently may

exacerbate contract needs for S&E's can be largely ‘corrected’ by expediting
' ~

] _
-

. - .

%A recent survey conducted by the National Science Teachers Association found

that, in the worst region—the Pacific States area—-84 percent of newly-

employed science and mathematics high school teachers were unqualiffed to_

teach in these areas. Paul Hurd, emeritus proféssor at Stanford, reported at

a May 1982 conference of the American Association for the Advancement of _

Science that, nationwide, of the teachers employed hy high schools to teach

pathematics or a sclence for 1981-82; 50 percent were unqualified and were

- teaching with emergency certificates. : ) ; "
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implementetion of those (Deputy Secretary of Defense) Carlucct Initiatives

related to procurement efficiency. @n particular, more clearly defined

selection criteria, inciuding identification of disqualifiers (such as )
overload, lack of credible capacity, lack of credible ability to build-up, - -
etc;) could discourage potential losers from entering competitions; thereby :
probably reducing the number of companies that waste S&E efforts by 40 to 60

percent. . 3

) Over the longer term, if aystems were engineered to permit product o
-improvemtent  once fielded, there would. be less frequent need for massive R&D

efforts to develop totally new systems. (An added benefit is that the cost of

defense systems probably would then decline:)

The use of computers for various types of engineering and scientific work
can substantially reduce the total S&E hours tequired for a program,
particularly during large program buildups rquiring numerous new hires; and
thus also reduce the need for more S&E's. H6ﬁever, many companies,
particularly at the second and third tier subcontract levels, w 111 need
Government help to defray the cost of computer intensive systems.

. Theré are severai

] Théisecond—tierfo£—actionsff}f”wf b

such actions. The first;}ifradopted, could have the same sort of impact on

S&E education as did Sputnik.

write—off to tender support to universities., This _support is now needed; | .g

results. Examples of such expenditures would include theffollo@ingifff T
fellowships; purchase of equipment; refurbishing or building facilitles for

key technologies; unrestricted funds to aid faculty recruitment and retention;
participation in nohtask specific activities such as industrial liaison, VISI;
and CAD university/industry copsortia; and employee education expenses

currently disallowed.' Each. contractor should be allowed to structure his own
program; guided by his enlighte red self-interest; and shoiuld hLave the freedom

to select universities of his own choice. The amount of expenditures can be

the contractor's DOD sales. ;
_ The DOD need not work only through its éaﬁffaéfaia. It agg;iiaa move
directly to bolster the ability of universities to provide competent S&E's by;
for ezample; expanding scholarships and fellowships targeted at fields of
interest to the DOD *or continuing and expanding the practice of employing
faculty as consultants. And in areas of particular concern to the DOD, areas

universities. For example, the Army sunports a Center for Mathematical -

Research at the University of.Wisconsin-Madison and has begun to set up three

Centers.of Air Lift Technology. Even in areas that are currently "hot” in

. ’ . . ' = <
- .
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 acadesia, eleménts of interest to the DOD sometimes tend to be

underexploited. For example, in biotechmology, quick vaccine production and

detoxification agents may never be developed through market forces.

 The term "cehter of expertise” is used to span the spectrum of ways to
gather together- critical masses of people, as well as convey an intention of

stability in the funding pattern. "Boom and bust” funding must be avoided.
With sufficient duration, support in a technology/science area creates a pool

of talent: The talent may be the workers at the center or its graduates, but

the people are an implicit resource,-as consultants or.as prospective

employees. Thus,; the center would produce not only data, but also the
persounel necessary to make f%ffﬁéf advances in the field. )
e . _ U \

This center of expertise~-in essence, the academic equivalent of the "warm |
production line”—would be maintained to assure a stream of products/talent in

a vital area. Either these fields or those where progress is painfully 8low

may require many years of DOD support. But even for these, an end must be

' anticipated even as support begins._ Thus, a general tule in eatablishing

centers should be the expectation of an eventual end to Sole DOD support, and
periodic réviews (say, every 3 years) should be made to determine whether

continued support is warranted.

No one is likely to object to the above center of expertise concept: Let

e now suggest a more drastic solution: That the DOD and comparable high
technology institutions must move into_an dctivity once solely the province of
American universities——the education of graduate S&E's in the conduct of
research. ‘ ' . ) ' ‘

Not only are the scientists and engineers of such agencies as the

Department of Defense, the Department of Energy (DOE), the Nationmal =
Aeronautics and Space Administration (NASA), and others frequently local or
national experts in their areas of technical competence, but the installations
of such agencies — particularly the laboratcries -- may have research

' equipment unavailable to local colleges and universities., Séveril,iééﬁéiéé

have, programs for internal personnel upgrading and collaboration with local .
schools. Such programs should be extended and new ones beguini aiiied at, the
utiligation of Government personmel (as formal imstructors and research’

advisors) and Government facilities (as research tools) to produce master's

and perhaps. doctoral graduates. As those elements that contribute to .
successful programs emerge, other elements of the technical community should

adopt or adapt them for their owm programs.
Models for these programs already exist. For example, there are 1,200

‘evening school students at The Johns Hopkins University who are taught at the - -

Applied Physics Laboratory (APL) by instructors who are usually APL employees
exceptionally qualified in their areas. About 20 percent of the students are
also APL employees. The curriculumg lead to master's degrees.

At the Department of Energy's (DOE) Lawrence Livermore National

Laboratory, over 100 graduate students are working for master's and doctorate
degrees in the Departhent of Applied Science (DAS), a 19-year—old department
in the College of Engineering of the University of California; Davis. Davis

N
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and Livermore are 70 air-miles apart! Students not only have access to some

$450 million of research equipment; but can also _receive all their formal

coursework at Livermore from instructors chosen from among the 900 Ph.D.'s

working at the Livermore lab.

 An excellent case can be made for allowing, if mot requiring, “real world”
experience as graduate students earn théir degrees. As an example, the Fannie
and John Hertz Foundation encourages its fellows to accept part-time and
summer employment with cooperating institutions such as the Livermore Nationai

Laboratory, the Los Alamos National Scientific Laboratory, the Charies Stark

Draper Laboratory, the Princeton Fusion Research Center; and others. Other
efforts at involving graduate students with "real” research include
Livermore's Navy-sponsored S-1 "supercomputer” program; which routinely uses
MIT, Carnegie-Mellon, and Stanford computer science graduate students as

part-time laboratory employges. The Ph.D.'s produced by these programs have

an understanding of the frustrations and rewards of a career in research
seldom acquired by their peers who have never ventured outside academe.

‘The suggestion that universities give up the physical Eféﬁiﬁiﬁiéi‘af their

- graduate students is difficult to sell, but it pales in comparison to the
final recommendatioi. of this paper: that the science and mathematics
education in p? mary and ¢ schools is too important to be left to

technologically iliiterate.

Pro ot

" The geographical dispersion of Government laboratories and installations _
offers opportunities for Government S&E's to alleviate the national problem of
technological literacy in elementary and seécondary mathematics and science
through a variety of mechanisms. The Government could, for example: provide

release time to Government sclentists and engineers to teach in public

schools; either for whole semesters Or through_team teaching approaches;

provide equipment and laboratory facilities to®local schools; imitiate
enrichment programs, during the school year and/or the summer; to motivate
students to pursue scientific careers; and support the work of existing

commissions that are directing their attention to mathematics, sclence, and
technology education (e:g:; the National Science Board, the National

Comuission on Excellence in Education).

About a decade ago; the NASA-Ames Research Center began outreach programs

that have involved junilor and senior high school students and teachers in the

physical and biological sciences. The programs include undergraduate and

graduate students and their faculty; and they range geograpnically from local
schools to Midwestern universities. Senior researchers at Ames have conducted
formal courses at nearby Stanford University. Lo T

e

Other natlonal technology-oriented organizations with local operations,
for example; the iocal telephone company or the local power utility; could be
induced to assist the Government. Also, efforts of industry and professional
orzanizations to prepare material to help motivate student interest in science

and engineering should be used. For example, the American Society of

Mechanical Engineers, with the help of Bendix, Bell Labs, Proctor & Gamble;
and Digital Equipment Corporation, is developing a 27-minute film targeted at

junior high school students that demonstrates the rewards and benefits of

(V. 1)
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being an engineer.* Finally, the provision of part-time and summer jobs for
skilled mathematics and science teachers should be an obligation of all

high-tech firms in an area. Ultimately, teachers' compensation should follow

market forkes, rather than seniority or other artificial ruless

_ Let me|state explicitly that "Government S&E's” and “Government o
facilities” include the Department of Defense. The DOD has had a long history
of cooperative association with education in our country. While it may be
currently popular to rail against Defense or Energy, such agencies fulfiili

needed functions. They should be utilized as resources where they can
contribute, not be ostracized.

' State and local -certification requirements for teachers may make it _
difficult for technically Zompetent but amateur educators to gain lmmediate
access to the schools. Provisional or temporary certificates may be granted
for short-term teaching opportunities. The purpose of these bureaucratic

barriers should be to protect students from unqualified teachers; not to_
protect a system from competition: If reform from within—-—cooperation of __
State and local school authorities with those concerned with solving our S&E
problems—-does not occur; the revolution from without will surely follow. - The

penalties—-the lost opportunities to provide first-rate exposure to science
and mathematics——are just too great to be permitted to continue.

*An obvious improvement would be the production of 2-minute spots for use om

television to achieve the samé result.
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OPEN DISCUSSION

~ DR: ALDRIDGE: Let me repeat a comment ﬁﬁicﬁ Dr. Talley : ﬁéde, He said

literacy of the population, and that our problems were ot principally to o
bettér prepare scilentists and engiideers. I want to raise a question: We all

know that the curriculums of the 1960's in the secondary schools were designed

principally to prepare scientists and engineers: We also have firm evidence

that those curriculums are inappropriate to the present student Body, that is;

for the majority of them.

Our concern is this.f In all the Federal ‘programs, in all the bills that
have been introduced i1 Conigress, none has proposed large national efforts at

redeveiopment of the curricula. Instead, they want to provide all 17,000

school districts with an opportunity to reinvent the wheei in all 17, 609

places. I'd like to get some comment about that.

DR. TALLEY: You are right., If the population had a higher level of

technological literacy, we would not have a problem with finding qualified

primary and secondary mathematics and science teachers. Let me be candid:

Right now, students get turned off to mathematics or sciemce in high school.
And some of these students go on to college. So what fields can they go into
where they don't have to have mathematics or science? There are a number.
One of them 18 education. So they go through and they become teachers. and

they are expected—they are forced——to teach mathematics or science, a fileld

in which they never took any more courses in college if they could get away

with it. It was distasteful to them when they were kids themselves. And they

are exceptional if they can avoid communicating the distaste they feel to the

next generation, and so the cycle repeats itself.

What I am proposing is that you get the people who know hov to teach to
teach--"Everyone ought to be a scientist and engineer like me.”

I believe that Betty (Vetter) mentionmed the difference in teeching between

the United States and some other countries...where we face our kids with

abstractions, some of which were those high-powered mathematics and
introductory science courses that were. generated post-Sputnik. I would assume
that 1f you had available to you someone very competent and enthusiastic, you
would not scare the kids off.

I just don t know that we need to develop new curriculums, which is the

answer .to your question, but I wanted to get my comments in first.

MRS. VETTER: I think we are in desperate need of some new curriculums.

And T don't think we necessarily would be if we had a generation of science B

and mathematics teachers who had grown up with all of the competencies that we
would all hope our science and mathematics teachers have. But the fact is
_that that is not what we have and that is not what we are ‘getting. And at the
"moment, I don't see any prospect that we will be _getting it, which tells me

that ﬁﬁit we need, among other things, are some_better directions.
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I have been reading some Eﬁiﬁis about the way textbooks are selected;

have been reading on how public schools' books are selected; certainly,those.
in science and mathematics, scares the daylights out of me. I would like to
sée some good curriculum dEﬁéloﬁment done on a national scale in a nacioﬁsl

would then get into the school system, fiot the way currernt textbooks are
chosen.

DR. SHULMAN: I would like to make two comments on those comments, and

then toss it back to the floor: One comment is that I am sure you have been

watching the beginnings of the reports of the many secondary education_

commissions, which range from the Carnegie's to the National Academy of
Education's to...I think there were 32 at last count.

There seems to be an interesting confluence of perspectives coming out of
these _commnissions on secondary education, which will be very consistent with

what Betty Vetter seemed to be arguing for; namely, that the proportion of the

high school curriculum that is elective, and therefore affords the opportunity

for students to avoid taking what Betty called the academic courses; should be

sharply reduced, and that there ought to be much more stringent requirements
for everyone aﬁa goes through high school. And you are seeing this now
reflected in recommended changes in State requirements for high school
graduation.

These are very. interesting recommendations, but from a curricular
perspective there is something rather magical about them because there really

are no curriculums for those students in physics or chemistry or algebra II

who have been avoiding those courses for the last 20 years:. If there is

anything we know for sure, it is simply that using the same curriculums they

- have been avoiding is probably not going to be the answer.

DR. TALLEY: This is a question for tomorrow. wa ‘will have a person from
the Argonne National Laboratory where they have been doing this sort of
tFing. My question after that presentation is: Are you producing the next
genaration of scientists and engineers 6r'3ust trying to raise the general
level of technological literacy? If it's the latter, have you had any problem

figuring out the curriculums to do 1t? And that is tomorrow's question.

DR. SHULMAN: I'll make one other observation about curriculum,; and that

the potential danger in treating curriculum as something that we do

nationall§ that we then finish, polish, sand down, package, and send out. We

might begin to think about curriculum-making and curriculum development as
something that ought to involve tens of thousands of teachers across the
country,; on the grounds that making new curriculums or revising old omes, in

collaboration with scholars of various disciplines and with educationists of
various sorts, is likely to turn out to be one of the most powerful forms of

teacher education and teaclher development that we have ever seen. Speak to

the teacliers who were involved in some of those NDDA and NSF institutes 1in the

1960's. And don't just ask them about how good the units they developed were:

ask them what kinds of changes were wrought in them as understanders of

science and mathematics and as teacherslthereof.

——
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 DR: RAIZEN (Senta Raizen; Natiomal Academy of Sciences): I really would
iike to associate myself with all of the remarks here about the desirability
of a technologically educated citizentry. But I do have a difficulty, and I
think it is a previous question to the curriculum question: I would like
either Dr. Talley or anyone here to tell me what the functional definition of
a rechnologically literate person is. Because until we can define that, we

- don't know what to put into the curriculum; no matter h&i we get at it.

DR. TALLEY: I think a technologically literate person is ome who would
recognize that a new technology is introduced to solve a problem; that there
is no such thing as an absolutely benign prgcess, technology; or gadget; and
that he or she, as a consumer or a voter :z?ataxpayer or the like, is going

to have to. choose among options,; none of which is perfect.

| The scientific method 1s really a neat method for deciding whether or not
you are being conned. I could not think of a polite way of stating it: I
don't think it has to do with having a certain number of courses in trig or.

calculus or chemistry--just an appreciation that the universe does not ruan by
magic. -

in the 1950's when large amounts of funds flowed into programs to prepare

school counselors to identify elementary and high school students interested

DR. HICKS (Laurabeth Hicks, U.S. Departmient of Education): I can remember

in and having the potential to develop high level skills in mathematics and
science. Are there data to indicate what impact...what success...the

counselors had in these programs?

T would also like to know what should be or will be the role of the
counselor? Do the counselors need retraining in order to help the schools and

students with the mathematics and science crisis?

 DR. SHULMAN: I suspect you know that before teachers are laid off, they
lay off all the counselors. Counselors are generally the first group to go:
And I think what you are suggesting is an interesting kind of researchable

question; which is: To what extent are we in error to assume that those
people who are not inm classrooms are not playing am important educational role

with respect to science and mathematics educatiom?

would like to reinforce the notion that curriculum is a fundamental issue
here. It seeis to me that one has to raise the question of technological _
literacy in the light of what is a general education for children and youth?
When we speak before a group of art educators; one of the things they ask for
is an increase in time for the arts. If you go before a group of science

pségans, they obviously advocate more science.

DR. HECKMAN (Paul Heckman, University of Califorria, Los Angeles): I

It seems to me that we are going to have to ratse this question in light
of 'what happens at a school, rather than averages. Aund it seems to me in our
study of schooling at UCLA, for example, even though there were averages,
there were some very severe school-to—-sch~»l variations—something like 3
percent of art courses in one school versus 20 percent allocated courses in

another.

0% 61




My 6tﬁer statement has to do i@iti‘i réquiﬂﬁg more courses. i guess the

by teachers in a thousand classrooms was simply lecture with students sitting

and listening: I'm not sure students ought to sit in mathematics classes

Iistening more for a lonmger period of time. Therefore, it see}s to me that,

the caii for addressing the curricuium is very, very important if we are going

looked at a study done in 1910 and again the predominant,mode of instruction
was lecturing to a large group while they §5t and listened. ‘
\

DR. SHULMAN Miry Aﬁne Amarel, who is a distinguished educ tional
'researcher. did a set of intensive case studies on high schools. One was the
Bronx High _.hool of Science, and another was a high school in New York City

whose name I don't recall but whose focus was the graphic arts,\ Her

conclusion was that the quality of science teaching was really outstanding in

the high school for the graphic arts and the quality of teaching. the

humanities was really outstanding in the Bronx High School of Science: But

the quality of teaching in the areas where they were speclalized was rather
dismal because they did so much more telling and they tried to paék and
compact stuff so much. -

be better, but that we've got to be very careful about the mix.

DR IAPP (Doug Lapp; Sclence Coordinator, Fairfax County, Virginia): I-

guess the main distinction of the Fairfax County School District is! that it is

the 10th largest school district in the Nation and probably has the 'highest

cedian income. S& _in that respect; I think it is useful to look at what are
the capabilities of such a district in curriculum development, because it is
often said this 1is the ‘province of the States or the province of the. counties

or the local jurisdici;ons.

I would like to say that we just don't find it possible, and I don't think

we ever will, to assemble the expertise to develop curricuiums of the quality

that is reffiréd in science and technology and keep those current. A wvery

curriculum by using an eclectic approach—-by combining elements developed from

various projects 1into things that fit local situations,flocal capabilities,

and fecilities. But in no way can they develop curriculums without académic

support from universities; at cetera: And we have just not been able to!
assemble that. :

The other thing that I would like to add is I do support very much

Pr. Talley's suggestions of getting industry and Government labs involved in

science and mathematics education and support. We have. noticed an increase in
|
\
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. a
this, what with the clarion calls in the press that our science education is

flagging. And I have had professional associations and Government

;gbﬁrggqgiggigogiﬂigbighgre are many in the Washington area) come to our

aid: But when they find out that a scientist who has geeat intentions would
be required to come in and teach five identical presentations id ome day, and
possibly take a day to plan that and several days to follow up, their interest

wanes. They were thinking maybe of one large presentation which would change

the whole face of education for that year. .

. It's a wonderful ides, and I think we should support it in every way and
provide incentives and recognition; but it cannot really affect day-to-day

teaching. The most it gan probably do is raise the morale of science teachers
to 'be more similat to what you find in Europe among secondary science teachers.
That is, they have a great identification with the academic -science .
community...industrial science community...and they feel that they are in

contact. And that is what is needed more; perhaps, .than anything eclse.

- Also,; for as long as I can remember, we have had a drain-off of talent.

When you had National Sgience Foundation institutes for teachers; it tended to
funnel them off into other positions the more expert they became. However,
there was a time when teaching was improved; and the institutes provided
important standards of quaiity in teaching. Many teachers did stay, and they

provided a bootstrapping effect on the other teachers.’

DR. TALLEY: I am golng to be vety interested to hear what Argonne has

done because I know that the NASA Ames facility, the NASA Lewis facility, and
every Army laboratory ‘that I have visited that has been near a population

center, have programs in which they not only bring students and teachers into
the labs but their: people go out to schools. I recognize the problem you
state, and yet somehow these people seem to be resolving them: :

DR. ROBERTS (Linda Roberts, U.S. ﬁ§§§f§§§§§7§fiﬁaﬁéitibﬁi: ttéét,iéar- I
had an opportunity to do a series of case studies of school districts moving

* ahead in applications of computer technology in education. And, like you, I

was able to see many Striking examples of districts who went into the

community and used the resources that were there.

My question to you, though, is: What does a commutity, that has mo

resources like the Argonne National Laboratory, do? I raise that because we
have many, many sch.ol districts in this countf? that are primarily in

non~high-tech areas; N .

DR. TALLEY: "High tech” 18 a relative terin, Thanks to the 435
congressmen; each representing a district, we seem to have spread throughout
the Nation Government facilities of varying stripes and levels. I think it
has been well brought out that what we are not after is to train that

1 percent, but to raise the average understanding of our citizenry. And I
suspect that you are going to find that while you do not have an Argonne in

every school district, you have a Corps of Engineers laboratory or Department
of Agriculture experimental station or something:  If you don't, then at least

one of those 435 congressmen was not doing his or her job.
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DR: SABAR (Naama Sabar, Tel Aviv University, Israel): I really want to

-expand a little bit on what Lee (Shulman) and some others have referred to as

the problems of the new curriculums and the role of the teacher im that

sense: I think the problems of the new curriculums; so-called; are not so

much in creating them as in implementing them. We reallyfneverfgotitofthe ]
point where we saw in reality what we had hoped to see. So with this kind of
disappointment that has prevailed in the Western world, we observe now a new
trend which is called schoal—bééed-curriculum—— It 1s not meant for the
teachers to reinvent new excellent curriculums, but just meant to be active

participants in making learning materials.

This (school-based curriculum) has been tried successfully in England; inm

Australia, and even in israei. And the Rand Corporation report about change

ia staff development came out with yery strong recommendations for taking

teachers as active partners in curriculum developmeant; mainly in revising,

adapting, and changing curriculum for their own needs.

I would therefore encourage the NSF in their new inservice courses to
activate teachers as equal partners, rather than imposing what is’ known
already in the curriculum.

;).
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Wayne Welch, Professor of Educational Psychology and
Director of the Research and Evaluation Center
Utilversity of Minnesota

AY

The past decade has been a difffcult time for sclence education.

Declining test scofgs, shortages of qualified teachers; low enrollments,
reduced confidence in science; and loss of Federal support are some of the

problems that have plagued the discipline. Science teaching has atruggled to
retain its position in the school curriculum. Some have claimed a national
crisis exists (Press, 1982; Opel, 1982; Yager et al., 1982). \

. \

\

. In recent months, however, a number of activities have occurred that
indicate a renewed interest in the field. The budget for science education in

the National Science Foundation (NSF) was doubled:in fiscal 1983. The

National Academy of Science (NAS) held a meeting last fall to consider.

precollege education in science that was attended by more than 600 business,
political, and educational leaders. The National Science Board (NSB) has

estabiished a commission on precollege education in mathematics, science, and
technology, and professional societies such as the American Association for
the Advancement of Science (AAAS) and the National Science Teachers
Association (NSTA) have stepped up their efforts to draw attention to the

problems. A number of bills have been introduced in the Congress that are

designed to improve our Nation's capacity to improve science teaching.

This renewed interest in science education is supported by the results of

the 1981-82 National Assessment of Educational Progress (NAEP) (Welch &

Anderson, 1982). Enrollment in traditional science courses has increased, and

at three age levels (9-, 13-; and 17-year-olds), the declines in sclemcé
achievement noted for a decade have leveled off. At age 9, there was a slight

increase.

. Because of growlng public attention, the National Institute of Education
(NIE) was asked to develop a research agenda for sclence and mathematics

education. What research questions are most pressing? How can we improve

science teaching? What do we presentiy know and what should we find out?.

These questions were posed to me at a meeting with NIE staff and are the basis

for the discussion that follows—in essence; a needs assessment of research in

science education:

1 struggled fotr some time with two coucerns® ~How can I avoid advocating.
my own research interests? What determines a needed area of research?

I decided to address the first concern by considering the total domain of

science education and reviewing previous work in this context. The second
question was more problematic. A need could grow out of a personal interest
61
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area, a discrepancy between a wish and a have, an intriguing guestion, a

' Natlonal priority; or a combination of these. The needs definition that
evolved has three elements: (1) gaps in our knowledge in important areas; 2)

high national priority; and, most importantly; (3) limited prior work im
promising areas.

should we chase rainbows. I tried to develop my research. agenda in that
middle zone between the known and tae unknown.

I do not think we should cover ground that is well-trodden, but neither

I iise three procedures to conduct this needs assessment. First; I

'describe the domain of science education. Second; I examine several recent
meta-analyses and research reviews in light of the pr~posed domain, and, based

on the research results and the extent of research ii. « given area, I identify
those _areas .that seem most promising for future research. Third, I compare

these areas with otlier assessments of research priorities and recommend five

A SUGGESTED DOMAIN FOR SCIENCE EDUCATION

When considering a topic as broad as science education, one must outline

that topic in some detail in order to éﬁéékfglggglgiggiigiiiigiié also

essential to define the domain to ensure that important components are not
overlooked. - -

My view of science education has been expressed elsewhere; first in an
NIE-NARST committee report (Yager; 1978), and more recently im my work with -
Project Synthesis (Harms & Yager, 1981; Welch et al:, 1981). This view is
bagsed on an evaluation model suggested by Stake (1979) and modified for

sclience education. What follows is an extension of that earlier work.
The domain of science education can be viewed as comprising three main

components: context, transactions, and outcomes. The comtextual component

refers to the set of conditions existing prior to the exposure to learning.

It includes such things as curriculum materials, trained teachers, research
knowledge, science laboratories, and community opinion. In terms of a physics
netaphor I like to use, context is the potential of the system for
acc~mplishing learning: & school that contains a well-equipped sclence
laboratory, a highly tratned teacher; and motivated students seems likely to

have a greater potential for learning than one that has no laboratory; poor
teachers, and disinterested students. Whether this potential is realized

depends; in part; on the classroom transactionss B
. set of activities that expose the student to

opportunities to learn. They are the actual interactions of the studemts with

their teachers, classmates, curriculum materials, the natural world, and many
other things. In terms of the physics metaphior, transactions are the kinetics
of the system. Reading the test, talking with other students; watching a film
toop; and visiting a zoo are all examples of transactions that would Seem toO

be related (in different ways) to sciemce learning.

X
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occurring in a given context. Outcomes are fhg wgrk @ccomplished byfthe
system. An understanding of the theory of evolution is an example of an_
outcome. So is the skill to read a thermom«ter or use a pipette. A more

still another example of an outcome of science e&ucation. Outcomes are

usually measured by changes in student behavior; but teachers, pctivitiea,

textbooks, and other actors and props in the drama of iearning may be affected.
as well.

A 1ist of the key elements of these three components 1s shown in Table 1.
Table 1
Domain of Science Education

Context : Transaction . Outcomes
(antecedent conditions) ' (interactions) '
Student characteristics Student Behavior Student Achievement
Teacher characteristics ) ~ Direct Student Attitudes
Science_ - Indirect . Student Skills
School Climate Teacher Behaviors ' Teacher Change
Societal imperatives - Pedagogy Scientific Literacy
Home environment . - Style - Career Choices_
Curriculum Materials - Management Institutional Effects
Facilities/Equipment Instructional Resource
Goals Exposure _ ¢
Science Education Network Classroom Climate

External Intrusions

Table 2 provides examples illustrating each of the 22 elements. Although I do

check list-~for considering areas needing research.

SYNTHESIS OF RECENT RESEARCH ; ‘ S

Time and space limitations do not permit a complete review of all science
education research. However, several major research syntheges were available,
and these were used as the major data sources in my review. The yzarly

reviews of research supported by ERIC-SMEAC, several meta-analyses, the NSF-

supported status studies, National Assessment results, and the work of Project

Synthesis provided a rich source of information for making a preliminary

assessmenit of our current knowledge of science education. Each of these

reviews was examined for conclusions relating to the context; tramsactions,

and outcomes of sclence teaching. The results of that examination follow.

AW
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Table 2
Domain of Science Education*
_Examples of Categories *

Context (entry conditions) | ' -

Student Characteristics (interests, previous experiences, abilities,
Teacher Characteristics (philosophy, prepetation, perceptioni;
personal traits) ’ )

Science (ccantent, processes)

School Climate (bureaucracy, policies; pﬁysieal appearance, conmunity

influences)
Socieral Imperatives Ienvironmental quality, societal views of

acience and/or tecinology, health, and well being)’

Hotie Environments (vocation, .family . sttﬁeture and function, physicai

a

features, philosophy)
Curriculum Materials (texts, 1xboratory guides, films)

Science Facilities (classroom/laboratory, materials, budget)

Goals (philosophy of students; school board and other outside groups,

departmental) .

Transactions ( 1ﬁteraet:tons)

Outcomes

Teacher Behaviors (procedures followed to promote inastruction)

Student Behaviors (activities of students in the classroom)
Instructional Resource Exposure (enrolling in science, IV, engaged

time)
Classroom Climate (eoetel-psychoiogicai learning environment)

External Influences (strikes, budget cuts. space launchings)

(resuits of instruction)

Student Achievement (test acores, other measurea)

Student Attitudes (studeut fealings about science and science

learning) -,
Student Skills (observation;- easurement)

Teacher Change (satisfaction, burn-out, knowledge)

Scientific Literacy (more knowledgeable about the ueantns
limitations, and value of science)

Career Choices (science or science teaching)

Institutional Effects (loss of staths, morale, structure chansee)

Source?

Modified from ther; 1978.
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were investigated in an exhaustive meta-analysis condugted by Malone and_

Fleming (1982).

Meta-analysis is a quantitative procedure for synthesizing
the results from a number of similar studles (G1§§§ and. Smith, 1979)

’ influence of ability, social—econbmic status (SES), gender, and tace on

student outcomes. Student outcome measures _included science achievement,

science attitudes; and cognitive levels (e:g:, Bloom or Piagetian tasks).

Roth correiation coefficients and effect sizes (differences between

used as indicators of relationships. Table 3 presents a portion of the Malone

and Fleming findings.
. . 7’\7 ) i
Table 3

Studefit Characteristics and Outcomes:

Mean Correlations

~ Student Student Cognitive
Achievement Attitude Level

- General Ability 43 (42)% .15 (13) 47 (112)

Language Ability 41 ( 5) NA ( 5)p <53 ( 23)

' Mathematics Ability <42 (13) NA ( 5) .51 ( 19)

. SES (high-low) .25 (21) .03 (13) .29 € 47)
*Number of stﬁdies in parentiésés;
Source: Malone and Fleming, 1982.

Measures of ability (e.g., IQ) show consistent and positive relationships

with achievement and cognitive level. . Their relationships with

much smallar (r = 0.15), but few studies have been done in this &
orrelates 1liower with achievement and cogrnitive levels and essentially as zero

uith atadent attitudes. -

)

f&ﬁ;
as ”nr'raasure of reiationEEiﬁ.
two ¢ -OoUPS.
iisted.

attitudes are

SES

. presents the results of an analycls conducted uaing effect sizes
These are sLJndardized diffetences between
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Table & | /

Student Tralts and Outcomes: Mean Effect Size

' _ Student Student // Cognitive

Achievement Attitude / Level

Gender . +16 €45)* - .08 (31)/ .13 (96)
. Male/Female / S . o
Race .41 (15) <10 (A1), <42 (38
~ Anglo/Black | o . I s
Race : .26 (13) <05 (1) «32 (32
Anglo/Hispanic / '

*Number of studies in ﬁafentheses;/
_ . , Y
Source: Malone and Fleming, 1982;

Gender appears to have the weakest relationships with the three

performance measures considered,/ with males generally scgring higher than

females. The effect size for rdce is about twice as large as that for
gender—except for attitudes,. relation =

 Clearly, there are consisten
and student outcomes. Further,

st eal of work has been dome, to date,
in this area. However; the low relationships between gtudent characteristics
and attitudes and the few étﬁdqéi done in rhis area arg possible areas for
future recearch. y ’ f

a great deal of work been done

' As part of the extensive meta-analysis carried opit at the University of
'Colorado (Anderson, 1982), Sweitzer (1982) examined the effectiveness of . _
pregervice and inservice training activities, such ds method courses, modeling

‘strategy, and questioning analysig, for teachers. ien using various teacher:
outcomie criteria as the dependent wmeacures, Sweitzer noted a mean effect size

of 0.77 in 153 different studies. \That is, tedchers who receive the training
tended to outperform the comparison, groups on measyres of sclence content,
process; attitude toward science, and desired teac ng behaviors (e.g.,

questioning). _This would lead one tp beiieve that training does have at least
_ a short-term effect on teacher perfoimance.

1

A few studies (n = 19) uséd subsequent ;;@@gg@fpgpformiiéi as the criteria
for assessing teacher training i.pact, but Sweitzer (1982) provided no data on
iong-term behavior changes for the trained teachers. _ A mean effect size of .
0.44 was observed for these studies, ch suggests that training teachers may

have an éverntial impact on students.

/

S



By contrast, Druva's (1982) meta-analysis yilelded very little relatiomship

between teacher characteristics and their teaching behavicr. The mean
correlation between various characterigtics (e.g., age, gender; personality,

gﬁ@if@@ééiigggimgggﬁrgs79f7effeéfiﬁé teaching) was only + 0.05; perhaps _the
ggggisqggrﬁgéggiggsult in this series of meta—analyses. Druva (1982) also
found low correlati6ﬁ§7§ﬁéﬁg,héj measures of teacher characteristics and

student outcomes. Several of these results are shown in table 5.

‘Table 5 .
Teacher Characteristics and Student Outcomes: Mean Correlations

o

‘Student C..tcomes

characteristics Cognitive Affective
Sex - 04 ( 4)x .08 ( 7)
Age L A3 C 7D 226 (1)
Science Training <19 (24 18 ( 9)
Experience 10 ( 23) 12 (11
pPersonality 01 (144) - .02 (53)
Attitudes ’ <10 ¢ _6) =04 (11)
:05 €208) .04 (92)

*Numhcr of studies in parentheses.

Source: Druva, 1982.

‘Note that previous sclence training accounts for very little of the _
variation in student performance. This is contrary to the beliefs held by .
many scientists and science educators that science knowledge is highly related

to effective teaching. Only 4 percent of the variation in student learning
can be explained by this variable. Furthermore, the unknown 1nfluetice of age,

experience, and sex on this variable may further decrease this relationship.

for reasons that are not too clear, antecedent teacher characteristics.do

not appear to have much effect on student performance fn science. This result
will surprise and disappoint many people, but it is a finding that cannqt be
igriored.

Science ;

 This category refers to the content; process, and structure of ‘the
scientific enterprise. Research in this category asks questions about the
nature of science ag it relates to student learning. For example, are there

characteristics of physics as an area of study that suggests learning styles
or methods of presentation different from those deemed effective in blology or

earth sclence? The Anderson (1982) meta-analysis did not address this issue;
and few studies were found in the other research reviews examined for this
paper. - ‘

L.
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 oOccasionally; teachers or students would be asked their views of science;

for example, 1s it factual or abstract; inductive or deductive (Durkee,
1975)? Cognitive psychologlsts have examined the way in which people learn

concepts, including the concepts of Sciemce. However, their approach derives
from information theory, not the mature of science:. Several tests have been
developed to measure understanding of attitudes toward science (Doran et al.,

1974), but I found mo research on the nature of science with potential

implications for science teaching.

Social Imperatives

The influence that society has on teaching and the effect that .:-.etal

éiﬁéttitiﬁgﬁ7h§!§fquiggrg;ggium development have not been well reiearched in
sclence. Yet these are timely and important issues. Nationaliy, c:ere are
frequent reports of various citizem groups influencing the inclusion or
exclusion of controversial materials in the curriculum. Public concern about

the decline in science literacy—as evidenced by scores on national assess-
ments—has prompted increased ctitizen involvement in educational decision-
making for many districts. '

In additionm to the concern of citizens; scientists and science educators

fear that basic ‘evels of science literacy are not being met. Sclence
literacy 1s crucial for an informed electorate in the increasingly

technologlcal society in which we live. With evidence of reduced enrollments

in science classes, there 1s a concern that future citizens will be eveil less

capable of grasping the essential sciemtific ramifications of many societal
issues. This concern has prompted .the inclusion of techmol /gy and =2cience-
society items on the National Assessment of Eduational Progress test in
science. In addition, the NSTA recently issued‘a policy statement'on the

importance of”including the social aspects of science in the science
curriculum (NSTA, 1982).

Home environpent has been shown to be significantly felated to student

performance in a few national and international studies; but it 1s hot an area

where many researchers have turned their z:itention. In the United States,

Wolf (1979) reported a correlatfor of 0.4 between measures of home and family
conditions and science achievement as measured in the first Intermatiomal
Evaluation of Achievement (IEA) study. Coleman (1966) reported even larger

relationships between home environment variables and measures of verbal
ability. , . ;);f

Wolf's study 1s informative because it compares the relative contribution
of home previous learning, and school variables on student performance. His

results for three different age groups are shown in Table &.

. -
’
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Table 6

Multiple Regression Results for
Predictors of Science Achievement

Home Learning Prior Learning School Variables
S _ Variance  Added ~ Variance
Age Level R Explained R Variance R Added
10-yr.-olds 42 18 .43 0 .52 9
1l4-yr.-olds 45 21 49 3 € .55 "6
12th graders 43 18 52 9 .59 8

Source: Wolf,; 1§7§.

These resilts 1llustrate the influence of the home enviromment and

- - T _

previous learning science perforbante. They also suggest that school
variables do make a difference even when entered last in the regression
analysis. Butts (1981) reached a similar conclusion in his review of the
science educationmal research conducted during 1979. Others have no.ed the
importance of home background in their secondary analysis of NAEP date
(Walberg et al.; 1981). .

Curriculum Materials

=
_ The curriculum to which students are exposed does make a difference in
what students learn. The research literature is replete with curriculum

studies, and most find that students learn the content to which they are
exposed. In 1979 alone, Butts (1981) found 102 curriculum studies. He

concluded that content effects were largely unexplored at the elementary
_ level; but at the seconddry level; instruction in specific ..ntent increases

achievement in that area.

. Shymansky et al. (1982) did a mets-snalysis of 130 studles that
‘investigated the effectiveness of secondary-level NSF curricula in comparison
to traditional science programs. Their outcome measures consisted of

cognitive tests; affective scales, process and analytical skills; and

creativity. They found a mean effect size of 0.37 im favor of the NSF
curricula. However, specific areas stressed in these innovative curricula
showed even greater differences. The mean effect size for process skills was

0.61, for analytical skills; 0:71; and for creativity; 0.71.

Weinstein et al. (1982) analyzed 33 studies from the United States, Great

Britain; and Israel and found in them 151 separate comparisons. The mean
effect size was 0.31; with a standard deviation of 0.70. This is in close
agreement with, the Shymansky et al. and the Wise and Okey (1982) results:
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_ In terms of subject areas, biology and physics showed the greatest
effects. In blology; the mean effect size for achievement was 0.59, for

perception, 0.82, and for process skills, 0:90; For physics; the achievement

effect size was 0.50, perception, 0.33; and process skills, 0.53. Eazth

scienice was the only subject area with a negative effezt size (-0.07).

weleh (1979) acknowledged that curriculum differences do have an &ffect; -

but argued that the magnitude was small, perhaps explaining omly 5 percent of’
the variance. Shymansky's data suggest that the average student in the

experimental c .rriculum would fall at the 64th percentile of the comparison
group, a difference of 14 percent: : . : '
 Several authors raised questions about the extent of curriculum exposure,
failure of the curriculum to represent modern sclence, and the relative
jnfluence of curriculum compared to other context and transactionmal

variables. In spite of these concerns, curriculum effects represents one of

our most researched areas and one in which our conclusions seem fairly solid.

Facilities/Equipment

 This category is related ‘to the school climate and curriculum materials
category, but focuses on the tools available for teaching and learning. :
Climate is the socio-psychological context of the school; curriculum refers to

the definition of content to be learned: Facilities and equipment refers to_

such things as laboratory equipment; desks, classroom architecture, computers,

chalk boards, projectors; and the like.

Helgeson et al. (1977), in their 20-year study of the status of sclence

edudation; concluded that teachers believe that adequate facilities are one of
the most important conditions for a good science .program. Flexibility of

usage is also rated as very important. These conclusions were based on =
surveys conducted by a number of researchers. The general tone of the review

was concern for the perceiiéamdééliﬁéfiﬁ7§¢;éﬁ§é7§g§ge§§;77;n7§§gigagionni .
survey of science practices (Weiss, 1978), 25 percent of the teachers polled

rated the lack of funds for purchasing equipment and supplies as a serious
problen. :

Most research conducted in this area has been directed toward the use of

the equipment in ledrning sclence, rather than toward the intrimsic merit of
the materials: For example, filmed instruction or computer-assisted.
instruction (CAI) is compared to traditional modes of instruction using .
student pgrformancé as the criteriom. Renner et al.: (1978) reported on nine
such studies in their review; Mallinson (1977) found eight; studies inm 1975

In each case; the emphasis was on_the use of the tool rather than on the need;
development,; -+ structure of facilities and equipment. Perhaps research is .
needed to help science teachers decide what equipment is meeded to teach

science; how it should be built, and how it should be_ presented to students.
Some potential ateas of study include hand-held calculators, microcomputers,

f11ms, £ilm loops, electrical equipment, telescopes, and the like: Do we need
them? Why or why not? What are their intended uses? a

0o 74
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Goals

Research on the goais and objectives of science education sometimes takes

the form of surveys of teachers or science education professors. They are

given a list of potential goals and asked to rank them: For example. Welch

(1977) surveyed 344 science teachers and 167 principals and asked them to
identify needed goals. Three major needs surfaced: (1) information
processing and decisionmaking skills, (2) basic skills; and (3) development of
self-esteen.

~ More often, leading figures or organizations 4re asked to identify -
priorities for the discipline. For example, Hurd (1971) identified what he

saw as emerging priorities: Some of those stated were: (1) science must be

part of the education of every student, (2) science should be taught in a

social context; and (3) science education should give top priority to changes
brought about by technological developments.

Perhaps the most extensive research effort to_ date in goals was the work
of the Project Synthesis group (Harms and Yager, 1981) _ A group of 23 leading
sclence educators established desired conditions for science teaching using a

framework of four goal clusters: personal needs, societal issiues, academic

preparation, and career education awareness. These desired conditions were

then used to examine the current status of science teaching to determine

needs. Discrepancies in biological science, physical science, inquiry,

elementary science; and science-technology-society were identified and used to

develop a series of recommendations for Federal policy as well as for science.

teachers. During the past year; the goals (as portrayed by Prdject Synthesis)
have been iused as criteria for identifying the outstanding science programs in
the United States. A list of the goals has also been distributed widely to

(perhaps unproductive) to researchers, as few studies of this kind were found

in the major data sources used in preparing this paper..

Science Curriculum Networks ;

-~

societies, cooperative efforts, dissemination systems; or scholarly Jjournmals
in the area of science education. Aﬁnual meetings, ERIC-SMEAC, The Science

tegcherfshortage are seldom researched for improvement or accountability.
Some work has been dome by Crane (1973) on the influence of the "invisible

college” on professional behavior, but not specifically in science education.

Transactions are the kinetics of the learning system. They are the
activities that students, teachers, and others perform in the quest for

examined in turn.



Student Behavior » g

It is difffcult to separate_.student behaviors from teacher behaviors
because they often occur simultaneously. That is, a teacher lectures and a
student listens to a lecture. The distinction I would like to make is that of.

the initiator. Who decides what activity is to occur? The teacher decides to

lecture, but the student decides to listen.

. Surprisingly little research on student-initiated behaviors vas found in
the literature I reviewed. In fact, only one of the four yearly reviews with

indexes even had the word "student” listed, and that was for a section on_
student characteristics. Data from the set of case studies carried out by

Stake and Easley (1978) are even more surprising.. Their extensive index has

290 references to "teacher” (pius another 96 on "teaching”), but only eight
references to student! Apparently this has not been 2 popular focus for

sclence education researchers.

_ Some work has been done on how students choose to allocate their time and
effort in individualized programs (Bowsyer et al., 1978; Rice & Limn, 1978,

bit it is premature to form any general conclusions. ,

 Onme promising line of research is that dealing with the engaged time 2 .
student spends on learning. To a large extent, the student is responsible for
this kind of behavior. The research to date is encouraging. The more time &
student spends in direct learning behaviors, the greater the learning (Doyle;
1977). Direct learning behaviors include such things as task completion; time

on task, hpmework, and reading texts. In a seuse, one key student behavior is
his or her decision to enroll inm a scilence course, which is discussed further
in the section titled "Iastructional Resource Exposure.” Much more remains to
be learned, but the application of these principles to science learning seems
warranted. - . i

. Another set of interesting student behaviors are those that mediate
learning (Doyle; 1977). Mediating behaviors are those mental processes that
we presume are necessary for effective iearning; but that are mot directly
related to the learning process: Examples include attending, -translating,
-gegmenting, rehearsing, and elaborating. _Although niot 'related specifically to
science lsarning, the influence of these behaviors in the science classroom
seems wort'ly of further investigationm, especially during laboratory

investigations:

An interesting new line of research on behavior falls into another

category of indirect behaviors and grows out of conceptualizing the classroom

as an ecological system. Learning is viewed in the context of “"exchanging

performance for grades.” The student does things .1 return for certain

rewardg--grades perhaps; or in Some cases the satisfaction of understanding.

The approach seems somewhat crass but presents &n innovative way to view

science classrooms. The research to date suggests that guccessful students

search for cues from the teacher on important concepts, imitate desired

behavior, and even enlist cohort assistance. Other student behaviors

important in this approach to the classroom are adjusting to change aad

72
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iearning to compensite for deficiencles, absenteeism, reading problems, etc.
Some intriguing applications for the science education researcher seem ’
possible. :

A final form of relevant student behaviors are those occuring in informal

or out-of-school settings. A few research studies have been conducted on the
effectiveness of museums, zoos, field trips, television; and the like.
However, it is premature to form generalizations at this time. The growing
acceptability of naturalistic inquiry paradigms might permit a greater
understanding of what students do when they attempt to learn science in

informal settings.

Teacher Behaviors

 The !iterature is crowded with studies of teacher behavior: It is a
primary area for research ir science teaching and has been addressed in two

major meta-analyses (Wise and Okey, 1982; Willett and Yamashita; 1982). ~ *

I classify teacher behaviors in terms of pedagogy; style, and management.
Pedagogy refers to the specific imstructional strategies and tactics teachers
use in the classroom: It includes such things as lecturing, lab work, amil
questioning behavior. Style is the manifestation of the teacher's personality

in the classroom, and it includes things such as enthusiasm, sensitivity, and
expectations. Management 18 a broad category including general instructional
s7stems—CAI, team teaching, and such day-to-day tasks for structuring the

léarning opportunities as setting rules and modeling behavior.

Wise and Okey (1982) provide a nice summary of the effects of teacher
techniques. Their results’are shown in Table 7. The overall effect size of

the various teaching techniques was 0.34; one-third of a standard deviation.
This means that the average of ;thé treatment group was equivalenmt to the 63rd
percentile of the comparison group. The impact seems modest except for wait-
time, and this research involved only four studies. Wise and Okey recognize

these moderate effects on student learning but offer the hope that combining

strategies might improve the situation. They call for additional research to
investigate the possibilities.

Willett and Yamashita (1982) conducted a meta-analysis of resrarch on

instruction systems, which they defined as "a general: plan for conducting a

" course over an extended period of time." (p. 1) Examplés-include CAI, _
individualized instruction; and mastery learning. They examined research
carried out between 1950 and 1980 and found 130 studies that fit their

criteria for inclusion. Most were conducted between 1961 and 1974. The

results of their analysis are informative and are presented in Table 8.

_ The overall impact of the various fnstructional systems was only 0.10,
indicating that, on average, an innovative teaching system will be about only
one—tenth of a standard deviation better than "traditional” science teaching.
There were no effects noted for grade; subject matter; or year of publication.

Published results tend to yield higher effect sizes than those appearing in
dissertations. :

/’ 3
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Table 7

Teacher Behaviors: Mean Effect Sizes

S ‘ ~ Mean . Standard Number

Technique Effect Size Deviation of Cases
‘Wait-time - R .90 .43 4
Focusing (e.g.; organizers) .57 91 28
Manipulative (by students) 57 .64 24
s Modified (specific conternt) .52 :45 22
Questioning <48 +39 13
Inquiry-discovery 32 .73 58
Testing (e.g:, aiigﬁostic) 32 .46 45
Presentation Mode (e.g.; team teaching) .26 .56 & 103
Teacher Direction (extent of) .23 :66 45
Audiovisual methods -J18 . 5 .48 33
Grading (e.g., pass—fail) - .15 <38 - 14
Miscellaneous ; - 43 26 12
Total 3% NA 1

Source: Wise and Okey, 1982..
' Table 8

Instructional System: Mean Effect Size

|- A - .

System Effect Size Maximum Minimum No. of Cases
Audiq:ggtogiai .17 .32 = .27 7
Computer Linked .13 1.45 - .58 14
Learning Contracts _ 47 1.74 - .38 12
Dept. Elementary School - .09 .08 - 25 -3
Individualized Instryction 17 1.74 - .85 131
Mastéry Learning .64 1.74 .08 - 13
) Media-based - .02 1.22 - .87 100
PSI (Personalized System _ o -
of Instruction) .60 1.74 <08 - 15
Programmed 17 1.36 - .82 52
Self-directed .08 .87 - 358 27
Source Papers 14 +48 - .19 13

Student Assisted <09 _.34 - .13 6
Team Teaching .06 1.36 -.76 _41
Total . 10 1.74 - .87 341

" Souzce: Wlllett and Yamashita, 1982.
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. Lott (1982) conducted a meta-analysis of studies involving the use of
advance organizers and inductive versus deductive teaching behaviors. He
found a mean effect size of 0.24 for 22 studies using advance organizers and
0:06 for the studies that examined inductive versus deductive teaching
behaviors. His results are lower tham those found by Wise and Okey (1982);

but the-latter included a broader definition of the categories. .
 In summary, the effects due to various teaching strategiles—are = —
disappointingly low. They average only 0.22 for the 812 cases used in these
three meta-analyses. Here, again; the influence of what the teacher does in

the classroom appears minimal: Perhaps a different research focus is needed.

Little work has been done in science on teacher style variables and the

teacher as manager: Rosenshine and Furst (1971) argue that behaviors such as

organization; enthusiasm, and expectation are key factors in facilitating _
tearning: They believe that direct teaching strategies have greater impact . . — -

than indirect omes. Some data reported here tend to support this claim in
science teaching (see, for example, effects of focusing, learning contracts,
and mastery learning). Indirect strategies (e.g., inquiry teaching;
self-directed systems, and inductive teaching) seem less successful. The
discovery nature of science, however, makes these results unpalatable for many

sclence educators. Interest in induction; inquiry; and discovery learning do

'fiot match well with the direct teaching proponents. X

-

Instructional Resource Exposure

N T T T T
_ This category includes those activities carried out by teachers; students;
and others that bring learners in contact with learning opportunities. To

some extent, they overlap with the teacher and student behaviors mentioned

earlier. However, the emphasis here 1s on the interaction of the students
with the learning opportunity. Key elements include enrolling in science
classes, curriculum implementation; minutes of science studied, library use,

watching TV, taking field trips and reading science novels.

 Research in this ‘area is limited in the context of sclence learning.
Course enrollment data are uneven in quality, although a few studies of the
past decade are beginning to shed some light. Engaged time in science is

perceived as decreasing; yet our logic and some research (Welch et al.; 1981)
tg%is us that takjiug courses 1s an essential ingredient for learning science.

ay oo ol
: The barriers to and facilitaters of getting children into science courses

are not well understood. Furthermore; we are not certain of the most

effective activities to offer once we get them there.

topics covered by the national media (Welch et al., 1983). Items on test—tube

‘The results of the 1982 National Assessment indicate marked changes on

babies, computers,; space travel, nuclear emergy, pollutiom, and others all

showed sharp changes during the past 5 years. Why? What are the impiications

of these results for the learning of science? These and other questions
remain unanswered.

3
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. Althougn somle evalustion J° sur-of-s> .. rivities has occurred, it is
L . too early to form generali‘ations. One -l r:ry note to the hopeful:

out-of—school activities are usualiy =orairec::

5 school activities ve. _They present a refBurce
(e. 8>, Z00 exhibits) and ask--oy itpiication snly—"what can you learn about

animal behavior? ~ Indirect strutegles have not been overwhelmingly

Classroom climate is the sociai—psychoiogicai environment in the classroom

as perceived by the students: This category views the class_as a social group

and presumes that group dynamics is an important factor for learning.

" Emphasis is on the social and psychological interactions in the classroom and
their effect on learning.

One measure of the learning environment is the Learning Environment

Inventory (LEI) developed in the late 1960's (Fraser et al.; 1982).

Considerahle research in North America, AnsL-alis Lsragl. India, an& other

performance. In ‘many studies, appreciable amounts of variance are explained

{ beyond student entry characteristics such as IQ and pretest scores. Much of

the research has teen done in scilence classes.

The work of Johnson et al. (1981) has also shown relationships between
group activity and student learning. Cooperative learning structures were _
four ! more effective than competitive or individualized learning structures in

nearly all cases reviewed. The mean effect size of 0.78 indicates the
importance of the social environment for learning.

Exterﬂaieintrusions

Often, the .classroom 1s affected by events in the cemmunify. wae Yation;

or the world. Examples of such events ;nclude budget cuts, space taunches;

censgrstiip, evolution. e”’rt trials, course requirements; teacher firings; and

strikes. These activitles probably influence the attitudes; the career

choices, and even the achievement of students.

. Helgeson et al. (1977) examined these issues in their review of the status

"of science education. _They concluded that such factors do have influence in

the science literacy of a nation but did not descrtbe how they opexated.

Stake and §§§;e27§i22§2”reported an increased intrusion of Federal and
State offices into the conduect of education. As a result, administrators are
forced to spend more time as business managers and less as educational

jeaders: Meanwhile, the gap between teachers and administrators widens as
each §r6hp seeks relief from its respective pressures. -

E)
f

Except for ﬂecognizing the infiuence of extermal intrusions, researchers

have not spent much time in this area. The value of future research is not

clear to me, but there may be some potential for investigatiou.

. ) Y - oo | % . N
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Outcomes

Student Achievement

77779erf9rmance, or change in performance, on measures of cognitive ability
defines student achisvement. A great deal of research has been done following

the intellectual development model of Piaget and recent reviews of scilence

education research usually have a section devoted exciusively to Piagetian

studies. In 1977, Mallinson reported on 23 such studies: He concluded that

(1) the stages postuiated by Piaget seem to be supported by other researchers;

€2) the logical operations of classification; seriation; and so on are not as
hierarchically oidered as many have-been led to believe; and ¢(3) adolescents
may not fit the classification of "formal operational” to the extent that

Many researchers have tried to measure students' ability to perform )
various Plagetlan tasks and then relate these scores to course achieveient or

other measures of student ability. The relationships are strong. This

research; which is reviewed in Table 3, shows a mean correlation of 0.47

'between general ability and cognitive ievei.
@ My familiarity with this research is limited, but I believe that
resSedrchers have identified a new set bf s udent variables to mezsure (e.g.;

conservation) and then searched for correlates of the scores (e.g., age; sex;

sclence stccess, IQ) By better understanding the nature of student learning,

they hope to do a better job of teaching. This approach zeems reasonable, but

success to date has been limited. Different children learn different concepts

at different times. Stage of duvelopment is content specific, forcing

researchers to examine the learuing of very small bits of information.

Generalizability to a whole coursc seems far off, if attainable at all.

relatiOnships (schema),,and that learners construct understanding rather than
mirror what they are told (Resnick, 1982). Here again, the cognitive
researchers believe that understanding how children learn will lead to

improved instruction.
_ Other observers of the science education scene are less convinéed. Stake
and Easley (1978) wrote: “Research on the context of instruction rather “than

improving the qoality of education that is offered., What research on tﬁé
learner tells us is the vast number of ways people differ, and how greater

experlence increases thoses differences” (pp: 19-26). They believe that

research on the manipulative variables such as zdministrative or social-

political background offer more hope fer school control.



Other research on student outcomes has concentrated on improving the

techniques for measuring student learning. Tests that measured such things as
the nature.of science, cognitive preferences, higher levels of Benjamin.
Bloom's cognitive taxomomy, inquiry skills; logical thioking; and a ' variety ..

sclenice content (e.g:, marine biology, ecology,; physics) have been developed'
and analyzed: Much work exists in this area, but it is difficult to sunmarize

its progress. Many. tests have heen developed and used to evaluate programs.
and predict future success in scignce, and these tests have been the focus of
many dissertations. Some reviewers have pointed out the limitations of many

- of the measurement techniques (Butts; 1981; Mallinson; 1977); others have

applauded the improvement of our testing procedures (Sipe and Farmer, 1982).

Many student ‘Gutcomes have been measured and regearched. The influence of

Bloom's taxonomy has been great, and tests are now superior to those of 25
years ago. Further improvement will probably grow out of entirely new
approaches and procedures for measuring outcomes: : =

A great deal of time and effort has gone into the periodic naticoal -

assessment in science-conducted by ‘the Natiopal Assessment of Educational

Progress (NAEP): We have monitored the state of the Nation's understanding on
four occasions, '1968-69, 1971-72, 1976~77, ‘and 1981-82. Data gathered from
this process have been uaseful to policymakers and researchers and nerits .
continuation. . : I S s

. a similar effort occurred in 1973 with the International Evaluaticn of
Achievement (IEA) study in which science performance was assessed in 19
countries. Another international assessment will take place in 1983 in nearly

40 countries; . . \ -

-

Research on the influence of contextual and transaction variables wis'
reviewed earlier. Measures of student outcomes were used as criteria of
effectiveness. Much of the research on student outcomes occurs this way. .
.aphasis is on the influence of the independent variables rather than on the

gature of the outcomes measured.

- J——

. The most extensive work on outcomes in science emerged from Project
Synthesis (Harms and Yager, 1981). ‘
five groups —— bilology, physical science; inquiry, elementary science, and
7 1 vidence, on the actual status of -7,
s desired state, with

r science teaching. .The work

science-society-technology interactioums.

student outcomes was examined in light of t

discrepancies used to identify future needs

which represents a milestone for research on outoames of science teaching; hadé

been iised to help identify exemplary science programs in this,country.

Student Attitudes

Work in the deveélopment and measurement of student attitudes iy not.as_
advanced as that in the cognitive domain, although there is a great deal of -
current activity. In fact, Ormerod and Duckworth (1975) covered about 300
attitude studles in their review.- A number of attitiude sc¢ales.have basen
developed and used in various studies, but some reviewsrs have seriously
questioned their-quality (Gardner; 1975). Altliotigh some” developmental. .
psychologists have éiil&ti? the affective domain (Rest; 1979); not many have
examined attitudes in a sclence contaxt: Theoretical dévelopament is limited.

Ld
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Attitudes have been used-as criteria for research on context and _

transaction components; and they were included in the last two National

Assgssments. The first IEA assessment included attitudé scales, but many did
not meet acceptable levels of reliability and were dropped. Only four were
eventually analyzed. The 1983-84 IEA study will also try to measure attitude

outcomes; Lut the nature of the scales ‘has not yet been determined.

The Project Synthesis team specified a number of desired attitude

outcomes; and each of the five focus groups (biology; inmquiry; etc.)
recognized the importance of affective outcomes. Each of the research reviews

contained sections on the development and need for good attitude measur’'ng -
procedures. Most, however, called for continued development in the area. A

need was seen for clearer understanding of ‘the role attitudes play in
understanding science, influencing future behavior; and affecting future

career choices in science and technoldgy.

. : ! : .
~ Benjamin Bloom published his é6gﬁi§}ié taxonoty in the mid-1950's: James
Krathwohl followed with a taxonomy for the affective domain 8 years later. In
my opinion; this 8-year lag partially explains the current lag in our ability

to effectively measure attitude outcomes.

Student Skills

. Skills in science denote the techniques students learn in science
classrooms (e.g., reading meters,; taking measurements; conducting N
7 exhibited by students after they
isave school (e.g-, brushing teeth, voting, building nature treserves).

experiments), as well as those behaviors ex

 Some work has been done on methods for measuring process skills,
especially at the lower grades. Observation, classification, and
categorization tests bave been developed and used, but they have yielded

inconclusive results (Mallinsvn, 1977). With directed efforts; students have

shown gains on process skill measures, but there is a concomitant loss in
content knowledge. In other tases, mno significant gains were detected.
. Some have attempted to measure laboratory performance skills and have
developed new techniques (Butts, 1981). However, most national testing

programs do mot include "practical” tests; and there is mixed opinion on the
value of such approaches given thefr high cost. The limited number of studies

preclude generaiiza;ions.

The third part of the Bloom-Krathwohl effort was the psychomotor domain; _
for which they intended to develop hierarchical taxonomy of objectives. Their
failure to accomplish this task characterizes the situation in science

teaching! The outcomes are considered important, but the barriers to
effective development are formidable: Some people are attempting to move us

forward in 1solated studies, but mo strong interest is evident at present.

Teachers are often involved in the transactions that occur during the

learning of sclence. It seems reasonable to expect that teachers change as a

result of those expcriences. They may learn more science, develop negative

g3
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eave teaching. We know from tlie
a result or training, but we_
eachers change as a result of

Sweitzer (1982) study that teachers change as |
know very little about how (indeed, whether)

teaching. Teacher burn-out and aging are examples of how teachers change; but

I found no studies of science teachers that addressed these tgsues. This
appears to be an area where little research v ¢
 Some teachers have left aciemce teaching, ! thereby contributing to the
shortage. qugitﬁe.reaSonﬁ appear to reflect economi{ conditions more than the
impact of science teaching. A few surveys proclaimed that there 1s a severe

shortage ¢f science and mathematics teachers in the Udited States (Guthrie and
Zusman, 1987) and suggest budget cuts, problem students, and; most important,
“higher salaries in the private sector as rea7ona for the shortage. But these

are specilations, not research findings.

»
v

/ Most iikely; studies on teacher supply and demand, selection, and

’/‘ retention will be done by general teacher educators or administrators, rather

than by science educators. However, the cufrent shortage of \quaiified
(whatever that means) sclence teachers may attract attention from the science

teaching community. This issue is discuszsed further in the section on "Career
Choides” below. : ‘ . :

Scientific Literacy

A schentifically 1iterate populace is an oft-stated goal for sclemce

teaching, Literacy gererzlly means that set of cognitive, affective, and

] behavioral outcomes nzeded for a citizen. to l've in our technologically - .
i oriented worlc. Research in this area has taken two ﬁi;hi;ffsqyeiygygiggfed
to define, through research, the essential components of science literacy.
Others (NAEP) have measured the components of literacy, which wére discussed
in the preceding three sections. C \
~ several researchers huve assessed the rejuirements for scienice literacy as
implied by the mass media (Ayers; 1980); while others have attempted to
measure the literacy of science teachers (Ogunniyi and Pella, 1980) or adults
; (Miiler; 1981). In many instarnces, litsracy is used synomymously witl o
! knowledge a%out the nature of sclence. Others define it as the kmowledge and
attitude toward the process and products of science. Because literacy has
a common goal of sci~nce teach!—~; it certainly

qualifies for further study. The payofl o1 8uch woxk 1f aot cledr, however,

becaiise of our limited prior experience in the are..: :

2areer Choices

" One outcome of sclecce teaching 1s a studenc's decision to pussue a career
in scienice or science teaching. Factcrs influencing career clioices hare been
stiudinsd , and the causes for underrepresentation of women and minorities in

scieu~e careers have been exam’nedywith considerable interest.
S CON
Sipe and Farmer (1932) report that 12 percent of all ntudieg reported:in
1077-80 dealt with the career developmen: of scientists and sclence teachers.
#n intziguing study by Lagrmann 1198(3{1;“ an approach capable of broader -
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implementation. Lagemann followed 90 teachers trained 1in science and found

that those who left teaching were mostly female and had weaker science ..
backgrounds than those who stayed in teaching. The reasons cited for leaving
teaching were large classes, nonteaching school duties; and lack of student
interest: Those who prepared for teaching bui were not hired were younger,
had lower SAT scores in mathematics and scieuceé, had higher GPA's, and
declared an interest in teaching later in undergraduate programs.

teristics of ms®+ snd female teachers. Apparently, the career decisions for

fieri and womed wer= btased on different factors:

‘Welch and Tawrenz (1982) found significant differences in the charac-

Unfortunately; no synthesizing studies of career choices were found, but I

believe that additional studies of teacher and scientist selection, retention,
and attrition would be beneficial. The implications for preservice and

~ Are schools und other institutions changed as a result of science )
instruction? If so, in what ways? As sclence programs are cut back or dropped
from the curriculum, what is the effect on the school? How has the NSF_changed

since the sclence education budget was cut {rom $100 million to $15 million?
If departments of science te.ching we. . {and are) ciit from colleges and
universities, what changes in the in-tit: “ion can be scen? Conversely, 1if
programs are added to cur schools; colieges, and informal scilence centers
(e:g:; zoos; museums); how are these institutions goiny to charnge?

I found very litt.- that addresseu these questions: The Stake and Easley
(1978) case scudies examined the influence of the community on the schools;

but not the influence of the schools on tiie community. This was true also of
the Helgeson report (1977). Mallinson's veview (1977) included a number of

areas where impact might b: expected, n: “ably bilingual instructionm,

mainstreaming, and desegregation. But apparently no-rcsearch dealt with

changes in the school resultin; from special science programs for the

bilingual, the handicapped; or minorities. Perhaps it 1s unrealistic to

expect much institutional change acs an outcome of science instruction.

SOME CONCLUSIGN

knowle“ge of sclence teaching. To be sure, cie sketch will be hazy.

Noneheless, a broad view of the discipline helps identify gaps in our

knowladge, promising lines for future research; and areas of success..

My synthesis of recen: research is summarized in Table 9. Tre quantity of
r each element »f the d.zain is estimated in the second column; - A

re search for each econd column. -
5-point rating of very mucli, much, some, little, very little was used. Our
current knowledge of each c¢iement 15 estimated in the third column, -again
using a 5-point scale from Vvery slight to very strong. In some cases (e.g.;
teacher characteristics), two aspects of the element are reportea berduse o.
different cooclusions. When available, meta-aralysis res .1ts are reported in
‘the table as mear correlations or effect sizes:
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Summary of Research Synthesis

- : — Sxtent of Known Estimated
Element Research Amount  Impact/Influence . Future Poten
Context
Student Characteristics Very much Moderate—achlesement(40%) % Low—achievement
e - Siight-attitudes (.1l0)*% High-attitude
Teacher Characteristics Very much Strong-training(.77)%**
Very slight-student L
o W o ~ outcomes(.05)* Low
Science . Very little - Siight Unknown
. School Climate Some Moderate High
Social Imperatives Very little Very slight Unknown
Home Enviroument Little Moderate (.43)% High
Curriculum Materials Very much wodesate (.37)%% Medium
Facilities/Equipment S>me_ Slight Unknown
Goals R Listle very slight Little
Sciepce Education - - \ :
N&tworks None None 5 Unknown
\
Trausactions
Studea* Behaviors Very little Ctrong Eigh
Teacher Behaviors Very much Stight (.22)* Little
Instructional Resource - , L
__ Exposure Little Strong in mathematics (.70)* High
Clascroom Climate Some Strong (.78)** High
External Intrusions Very little Uaknown Unknown
_ Outcomes
Student Achievement Very much Strong Medium
St ident Attitudes Much_ Slight Medium-high
student Skills Little Slight Low
teacher Change Little Siight Medium
Sclentific Liveracv “itcle siight Uokoowr
Career Choices “~me Moderate Medium-haigh )
Institutional Effect Very little None - Tokmowa
*  Mean correlation
“x Mean effect size
82
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~ The fourth column represents my estimate of the impact potent!sl for
future research in each area. High ratings appear for categoriess indicating

gaps 1n our knowledge (student behaviors); high potential areas where

preliminary work has been encouraging (classroom climate); or high priority,

those already heavily researched with either discouraging results (teacher
behaviors) or ambiguous or uncertain effects (student characteristics). Other

elements have not been researched enovy.  istimata “heir impact potential
(changes in {nstitutions).

due to pressure to solve a problem (career choices). Low rated elements are

The key determincnts of the most promising elemeuts are a fioderate amouat

of work to date and evidence of fmpact thus fs. . Seven eleéments were
identified as the most promising areas for needed research. They were:

school climate; home envircnment; student behaviors, resource exposure, career

cholces, student attitudes, and classroom climate.
Two context variatles, three transactional elemeuts; and two outcome
elements make up my preliminary list. The main emphasis is on Lome; school,

and classroom environmental factors, student contact with learning = .
opportunities, and career decisionmaking. Noticeably absent from the list is
further study of teachers and teaching behaviors; something that surprised
aven me: Except for the influence of teacher traiulng programs on te--hers,
the extensive research on teachers has not ylelded prowuising results. The

mean correlation of ‘teacher characteristics with teacher behavior wat only
0:05. Behaviors had a mean effect size >f ouly 0.22 when student outcomes
were the effect criteria. What atudents Co snd_the context in which they do

it appear more promising than additinnal investigations of what teach:'s do.

Other Needs Assessments

The last ster in *his needs a-sessment process is to compare the preceding
conclusions with tiiusc derived from other assessments of reseirch priorities.
Five #-ich studies have been conducted in recent years. A brief description of
edch follows:

In 1976, a committee of seven sclencc educators met to discuss needed

research in science education under th- co-sponsorship of the National

Assoclation for Research in Science T- i 'ng (NARST) and the National
institute of Education (NIE). The grc., « = appointed by the NARST rpiesident

and chaired by Fletcher Watsor of Harvard University. Eight recommendations

were proposed based upon the collective judgment of the committee (Yager,
1972). The research priority areas encompassed by these recommendations are
shown in Table 10. ° .

The commirtes FAport was “-. epred” by the NARST Executive Committes, b

it never gave iis formal endorsement. The fate of the report at NIE is
unknown to me. Because of continuing interest by the NARST Executive
Committee in the r:search priority issue, a group at the University of Georgia

was empowered to carry out a Delphi study of research needs among .VARST
members. Thirty-fi-= statements (later reduced t7 31) were ranked by 27
percent of the 780 NARS memhors: The top 14 priority -“esearch rreas are
shown in Table 10 (Butts zc al., 1978).
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Table 1

Sunmary of Research Priorities

Element

Student Characteristics Y X _

Teacher Characteristics ) X

Science e

School Climate X o

Socizl Imperatives B ‘ X

Home Environment X

Curriculuw Material

Facilities/Equipment X
. Goals L : _

Science Euucation Networks X

»4 >4 4
¢ |

b N |
.
54
<
24124 ¢

Student Behaviors X o B ~
T-:acher Behaviors '

Tastructional Resource
~ Exvosure @
ingaroonm Climate X

b

Mo M
»
»

Outcomes

»d 4
P44 |

Student Achievement ' , X
Student Attitudes X X X .
Student Skills

Teacher Change ‘ B
Scientific Literacy , . X
Career Cholces X .
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~ In 1978, a group headed by Russell Yeany and supported by the NARST
Research Committee distributed a set of research topics to a saaple of
secondary school personnel. The group comprised about 50 percent teachers, _
but_ the total sample size was not reported (NARST Newsletter, 1979). A total
of 12 research priorities were rainked by this group, and these are also
presented in Table 10. -

_ In 1978, representatives from the science education programs at 28

colleges and universities were asked wrnat they perceived to be the major
problems in science education. They were also asked to identify solutions to
these problems (Yager et al., 1982). Five of the solutions addressed needed

rcsearch topics; while another three focused on ways to carry out research

more effectively. The five topical areas are indicated in Table 10.

The final Eﬁgiég,réﬁbggéd in *he literature was conducted-in 1979 by

Abraham et al. (1982). All members of NARST were surveyed and asked to list
five most-nieeded areas of research and rank them in priority order. One

hundred and ~ne pe sons (13 percent) from the membership responded. Overall
rankings werc calculated using frequency of nomination and ranking: The top
11 rankings ¢re listed in Table 10. Priority rank number 6 was on the use of

research, rather than a research focus, and is not included in the table.

 Each of the precading assessments was examined in light of the domain
described in this report:. Because different classification schemes were used

in the various studies; some judgmznt was necessary in transferring priority
elements to a common domain. For example,-three different pziorities in the
Butts et al. survey were listed uader the category ' teaching behaviors” ,
because they all deali with foriis of classroom ilms-ruction.

Severzl conclusions are apparent from an e amination of Table 10. First,
an analysis of research needs based 'u the e=tent and impact of prior research
yields different prioritiss than those gaiaed through survey techniques. Only

the elements of student attitudes and instructional resource exposure werc
included in the present study and Iz the mejority of the other studies.
Be~ause of the overlap; it see lear “hese two areas should become the fccus

of future efforts.

Sacond, surve; nee’s assessient concentrates heavily ¥m teachers,

surriculum, and student cognitive development. This is not too surprising
given that the survey respondents were predominantly tescher educators or
teachers. IJ%ese elemcuts were not given high priority in my analysis because
a great deal °f vork has aiready been dore and the researct to date has not

o

been very promising.

Third, environwentzl influences (e.g., home, school, and classroom) are
virtually ignored in the surveys as r:ceni = areas for research. Yet the
resea;ch synthesis indicated quite promising effects for the limited work *hat
has been done. '

v

__Fourth, career choices in scleuce and sclence teaching were not ranked
‘igh in most of the surveys zlthough teacher shortags concerns have grown __.

rapidly in the past several years:. Perhapc the datecz of the surveys (1976-79)

sccount fu— this, for 1n the late 15775 there was a great ceal of rhetoric

about teacher surplus.
85
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 Finally, four elements of the science zducation domaie were not ranked

highly in any of the studies; they were student skill outcomes; changes in

teachers as a result of the teaching process, institutional change, and

externai intrusions.

‘The failiire of the surveys to include research on the kinds of behaviors

students exhibit during the learning process is not surprising given the
paucity of prior research in this area: However; if one thinks of thz

gtudents instead of the teachers as the primary actors in the learning

highly desirable. <

Research Rezonmet

‘Based upon the needs assessment described above, and in spite of some
vatradictions with other priority studies; I would propose the following

rsgearch questions &s those most likely to help us take full advantage of

renewed public interest in science education. I believe answers to these

questions offer the most hope, at this time, for improving the teaching and
learning of scilence. .

e  In what ways and to what extent do the environmental conditi
the home, 8chool, and classroom influence science learnin
search for teacher and teaching effects on learning has not been

fruitful. Other factors need to be explored, and envirommental
factors appear prouising. The kind of research carried out by
Colsman, Jen:ks, Vulberg, and others should be applied to science
leirnisg so that we may identify the environmental factors that can
be manipulated to enhance learning. Increased understanding of the

influence of such variables as administrative support, community

pressure, family sncouragement, peer interactlonm, and class size;

would have tremendouz policy implications for science instructiom.

How cam student attitudes be measured more e£eac

s

—ﬂ*,, — S ———— = - an g — -
factors_determinz these attitudes? Attitudes sze important outcomes

of sclence Instruction and protably mediate learaing and future .
iptantions in science. Our current measuring technique= are limited,
end we do not know wrat factors emhzmnce or Stifle de.ired attitude
development. .

What are tiue barriers fo and Tacilitators for_providing students with
‘the necessary exposure to instructious: rogources? 1Iiils question is
based on the assumption that s-udents need to b: exposed to sclence

learning opportunities by ez.olling in coutses or participating ia _

out-of-school sctivities. Science emrol:=ants are low; and little is

known about procedures for changing this, Furthermers, car ______

understanding of inforval scieace learning opportunities is minimal.
To improve science learning, we need fior< students participating in
more science learning activitier. Research aimed at discove:r.ing ways
to do this rfeems zsseatial. Without students in classes;  the best

fastruction in the world is for naught.

86

O



relationships between what. studenty (not teachers) do and what they

learn. Learning occurs in the learner because of behaviors the

student exhibits (e.g., engaged time, attending, homework). Research

on science instruction from the learmer's perspective offers a .

promising line of ‘nvestigation. Little is presently konown and not

much has been done except in the area Qf cognitive development. WE -

and the necessary behaviors to enhance that learning.

e  What determdnes the science—careergcheicef :
8§ ced? Concerins about teacher

and how can these deeisions be che
shortases,fscience enrollments, the productinn of sclentists, and

general sclemnce literacy are all related to the increasing tendency

of people to choose not to continue in science. Interest in and

enthusiasm for science and 1ts roies in a technologicahlly oriented

soclety have diminished in the past decade:. Research is needed on

the underlying causes of and ways to reverse the trend.

2
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DISCUSSION OF SCIENCE EDUCATION
_____ Rustum Roy, Chairman of the Science, Techmology
and Society (STS) Program, Pennsylvania State University, and

- Public Policy Fellow, Brookings Institution
7 Jim Conant; when he retired from Harvard;. said that there is no polnt
in worrying aboiut the people who becoie scientists: They are so smart that

they take it away from you even if you cannot give it to them:

1 really come with an apology from the research community of the United

States: -That is my community. I am a research scientist, and I go-out and do- -

buck-hustling and do some research occasionally. In comparison to the

community in Eastern Europe--the Soviets—-we in the research commucity have
shown by.our. behavior an extraordinary lack of concern not only for the whole

process by which we generate our own kind but, much worse; for the Nation.
_Yesterday, we were treated in the National Academy of Sciences to a
perfect display of this. The only question was: "What money do I get?” Not
"Is the national technology posture of the United States in a devastated
condition?” But, "How is my budget increasing? What does the budget figure.
look like for my subfield?” So we are really part of the problem and not the

solution.
 However, I do some research in this fleld, as it so happens. My research
in the science teaching businéss is concernmed with the importation of science
manpower to the United States. I will publish shortly a study to show that we

have abstracted from the rest of the world the equivalent in contained
technical training of about $980 billion between 1945 and 1983; or 198i,
whatever thie figire 1s. :

In science teaching, who is our target? This morning you heard that
approximately 1 percent of the United States population is involved in science
and engineering, We draw that percentage, as (Wilson) Talley said, froi about
2 percent of the population. The $9 percent...are we aiming at these people

or are we aiming at the 1 percent. in the new mathematics and science teaching
emphasis?

~ In a technological democracy, the science research commupity thought they
should erect a flagpole in the nidst of the desert of culture: Here are our
scientists; these are the only triue citizens, and we should provide a few
extrzs just in case we want some backup. This was the post=-Sputnik approach
to solving the problem, which was "make better scientists.”

This is not the right goal for us now. I believe that we should now go
after the pyramid model, which is what every other Nation does. If you give -
some science to everybody--a little more to this group, a little more to that
group~-you will have from the public, from the school boards, the money. We
have to motivate the public. We have to do this kind of pyramidal basing of
the motivation of students, of thelr parents, of the teachers; of the—— —— ———
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Congress, and 80 on. And I suggest that in the miadte of this, we would have

a much more stable, democratic situation where ac informed population would .

make more rational judgments:

We should aim the new mathematics and sclence at 99 ~etceit of the
population. This is a reverse of the Bible theory—don'k zo after the lost
’s’heep; jﬁﬁt worry aboit your ﬁajﬁf flock.

What content can possibly improve? Let me suggcst that there is something

here; and it is a critical element of my argument: What content can improve a

lifelong motivation for }earning about science and emgi~: w»riong? It is not
enough to give 1it to them Just for a few years.

-....Can_we. ﬁotivate peaple in those- le&ruiﬁg-@@ifs2—AI_dewHincan. Ifa@::__ S

saying that the answer is science; technology, and society. This, I claim, is

the core of technological literacy. Now; here is my little motto for the

day: ~Technology related to life i1s technology; sclence; and mathematics
réﬁembg;gd for life. If you do not manage it in those sciioCl years; we will

make i1lliterate citizens.

What I think was said this morming was that we should go from intuitiom to

applied science to abstraction: Most of the people do it that way. I believe
we should go from teEhﬁ6logy to applied sclence to abstract sciemce. And in

It is all very well but it simply does not wark
Now, what is "STS?” What am I talking about? What do I meam by science,

technology, and society? I believe it is a perfect exampie of what was

referred to as-a mega-trend: There 1s no NSF program; there is no oig deal,
but all across the thousands of university campuses there has started on every
single campus something in STS. There are courses and curricula. MIT has a
college arnd all kinds of programs. There is already a kind of intellectual

ferment, a democratic intellectual ferment, all across the land. STS gives us
4 starting base.

Let me quote for you the National Science Teachers Association (NSTA) -
policy statement. At the end it says:

We believe that a minimum of 5 percent of science

instruction should be devoted to science-related societal

issues: In the middle of the Jjumior ‘year there should be

15 percent; in the senior year 20 percent.

J

This is not an idiosyncratic, self-serving view of the STS community. There

are no tenure positions. This is really saying that this 1s something which

ought to be natiomal. And it is the NSTA saying this: It is their position.

1f someone asks "What do you mean by STS?"—the easiest way to explain is

to show them how to siudy science through "mineral resources,” “population and
health;"” "food,;” and "derital care." It is that kind of stuff to which you

bring in science. It is not just saying: "I'm going to give you a little bit
of stuff.” - :




Let me make this point a*our modern glue: How can such a little subject

make a_difference? You go to the dime store and buy yourself a kit--those

kits where you put the cars together--and outside the kit it says; "Giue not
provided.” What happens in our education is that we get all these chunks and
no glue is provided, so you carry around these parts. I am saying to ycu that
STS, 1f we design it right, can be the glue which makes the thing come

together, a synthesis in a techinological world of what we have and what we

need.

On the new technology; I also have a word: We should not neglect tmc fact

that technology does not equal the computer: There are many other tech-

nologies. Long before we get to the computer; you had better worry shogt thé

fact that the print materials are going out of style. There are mot going to
7 7"be any science textbooks. I Had a publisher in my office yesterday say,; "We
are not going to publish any more science education materials.” You say, "Who

are you going to publish for? What are you going to do about priat?”

In the STS field we have designed with NSF support, new systems of free

distribution, onsite reproduction. Print technologies are revolutionizing the

process of distribution of materiais. Not a word is being said. EverylLody

parrots that computer nonsense. I am not against computers. We are in that

game. But video has not been anywhere near accurately used: I suggest that
we appropriately use the new technologies.

So I brlng words of hope and comfort and probably despair from one of
those outsiders.

r. Lee Shulman

A comment about the glue, which I think 1s an extraordinary metaphor. a%

There is not only an absence of the glue across these fields; there is an

absence of the glue within.

on a concept that all of us remember,from the 1960's £ called "the,notion of
structure in subject matter.” And the notion was that there ought to be
something that cumulates and develops as you teach a subject so that, for
example, the last short story you teach in an English course 1is learned in a

somewhat different way than the first short story, because a set of concepts

and principles and procedures for analyzing these things have developed over
the course of the year.

_ similarly with a mathematics course...similarly with a science course.
Because if you look at the interview studies of kids studying; for example; _
high school algebra, most of thém have no 1dea of ﬁhy the topics at the end of

To most of the students, these are a disintegrated

arbitrary series of tOpics which they learn and pass the tests on because they
are docile, and the consequence of not doing it is ending up at a less pretty

campus when they go to college.
.
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 And as I made this argument, and I made it as passionately as I could; one
of my students raised his hand——a Phi Beta Kappa graduate in mathematics from
d major private university of the West Coagt--and said: "How can I teach this

to my high school students if I was never taught mathematics thie way myself

in the mathématics department of my university? And I'm considered ome of the .

best students who has gone through that department in the last couple of
years."

So I think that part of what I am saying is that we are depending right

now on both the cross-disciplinary glue and the intradisciplinary glue

emerging from the subject matter departments at our distifguished

universities; usually in humanities and sciences: And that is not the way the

subject matter is being taught to the future teachers or the future engineers.

] I think that is a serious problem, and maybe at some point we ought to
address it.

Robert Yager; Professor of Science Education,
University of Iowa, and

I did not know exactly what Dr. Roy would say, although we both had the

benefit of reading Dr: Wayne Welch's very exhaustive and; I th ok, very fine

paper in preparation for our discussant roles.

) One cf thé thingﬁ that : would quibble about is the setting that Wﬁyne put
science education in. And I think that Dr. Roy, without knowing, has come up

with a perfect example of the direction and setting that I would 1tke to have

. I have no juibble with the domains. As a matter of fact, I think that is
a beautiful way of analyzing where we are and what has been done. But it
strikes me that one of the things that is missing is a look at what science

education is in a more philosophical sense. And to me it is that discipline

that is charged with looking at the interface between science and societv: It
is that discipline; then; concerned with how we can interpret for society whit
scientists do and what science is ':3...a basic enterprise of man. Similarly,

it 18 interpreting for the sclentific community the constraints of soclety and
the interplay between the two.

It is that setting, when I read Wayne's paper and his look at the domains

and the research that is being done; that concerned me a lot. In a sense; I
see that my role may be tying Dr. Roy's comments and Wayne's paper a bit

together.

The other point that I would pick at just a iittle bit-—and I assumed that

my role when asked to discuss the paper was to do a bit of picking and maybe
to stir up a little excitement so the rest of you have a chance to react
against what I might say or what Wayne has already said——is Wayne's deemphasis

of gaals in science education. If you noticed this was on one of the charts,
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That 1s an extremely important area, and, to me, it gets at why some of
the other areas of search and some of the other things we have done have not
been too fruitful. It seems to me that the domdains chart and what we have

done in science education i1s to assume that the ~discipline is one of studying

what goes on in schools:. We have defined it too much in terms of the one

dimension of science, that is; the content dimension. and we have viewed our

roles as simply ones of figuring out some way of taking this vast body of
evergrowing knowledge and somehow getting kids, K-12 students; to absorb it:
We have tested different ways of doing it; tried different tdchmiques;
different personalities ef teachers, different kinds of curricular materials,
. but always with that fundamental goal. It 18 a matter of getting students to
kiiow more than the professional scilentist thinks he ot she kiows.
ol
It strikes me that this unidimensional view and definition of science 1s

at the heart of and is the ma jor problem.

Wayne has mentioned the Project Syntheg&s effort of which we were both a

part. I think one of the striking results there was the lack of any
philosophical perception on the part of teachers; except a commitment to the

discipline; except to the content of science that the teacher knew and had
experienced him or herself. °

It seems tc we that this lack of the philosophical perspective—-a lack of
any view as to what science teaching is about and what science education 18
about and what the fundamental mission of our discipline is--is a probleim.

Certainly the NSF status studies revealed that many teachers are able to volce
goals, to state objectives, but most of the time when we tried to find

examples of those stated phiiosophies and objectives inm practice, there was

nothing there: There was simply nothing beyond a commitment to imparting the

knowledge that particular teacher knew or that appeared in a textbooks

I would look next at a few pleces of information that I think were missing
from Wayne's analysis. It was mentioned this morning that there is a great

mismatch between the science that 18 being taught and the science that is
needed. Again, Dr. Roy touched upon that, I think very eloquently. I think
it is fair to say that there is evidence in the status studies that the

materials and the curriculum that are being used and being followed in ° =

classrooms across the Nation are perhaps appropriate, at best, for 95 percent

of the students.

Another related problem is the fact that we have paid no attention to
instructional theory. And again it is fair to say that there is a mismatch as
far as whati 18 being done--the strategies that are being followed--and-what we
kinow should ake place. And this mismatch, too, could be labeled at 95
' percent.

Many of you know that in the National Science Teachers Association (NSTA)
we have been involved in a .search for excellence, a search for examples of the

exempiary or the desired or the ideal-state conditions that were identified by

the Project Synthesis effort: As we have gone around visiting six centers of

excellence, we have been amazed at the number of these programs for which

there has been a concern for curriculum but practically no knowledge of and no

interest in instruction. And we think this is a serious problem...again; a
major mismatcin.
B 7 101
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Aﬁothér _point that I think is worth mentioning that came out of the
synthesis effort, and mainly from the National Assessment of Educational

Progress (NAEP) efforts, is that the longer a student stays in school; the °
less interest he or she displays in science. We think that this is of

considerable importauce. There is something about what we are doing that

actually is causing the.opposite kind of outcome than that we would like and

expect in terms of in erest. We found that the longer a student stays in

school-—-and this; you will remember; is comparing 9-year-olds; 13-year-oids;
and 1l7-year—clds—--the less comfortable a student is with studying science.

Another effort deals with the emphasis upon literacy. You will note in

Wayne's analysis that he put literacy at a monderate or low classification.

Also, it seems to me that another important piece of research that deserves

mention is the work of Miller and Volker:. .Their work, funded by NSF, deals

with student attentiveness in science:. In my mind I _can accept their
definition ofﬁattentiveness as really scientific literacy. For those of _you

attentiveness or literacy. The first element was interest--expressed ilnterest

in science and technology. The report was that of typical high school

graduates, 30 percent of whom expressed interest to the poiut of taking some

checked but four concepts across the high school years; One of those concepts
was molecule, And they found that only 25 percent of the high school

graduates had a working understanding of that comcept: As I said, they looked

at others. That is” just one exampie.

is that there was no increase in either across the high school years. That

is, taking science did not increase knowladge dnd it did not incrasase interest.
The third aspect of attentiveness in science or, as I am calling it,

- literacy,; was the ability to pursue knowledge,; to increase knowledge; or to

increase interest. And when that is taken into account; we find that the

formula goes way down and there is way less than 20 percent that do anything

about pursuing interest and/or knowledge.

When the three are put together, we find that oniy 10 percent of the
American citizenry meets the criteria. 4nd I think it is extremely important
to say that we are doing something wrong i1f we have only 10 persent of our
- population, 10 percent of the high school graduates, able to meet this
definition of literacy.

In summary, I would simply say, in terms of Wayne's paper, that I have no
quarrel with the questions he has posed: I would be delighted to see those.
five questions as a research agenda. But I do have a problem with the setting
he has proposed for science education. I do have a problem with the .

Lee Shulman 8 series this morning of troubles, puzzles, and problems. It

gseefis to me we could be much more apecific in terms of defining those 1if we

could agree upon the fundamental goals of our discipline in an operational way.
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.
{ think there are problems in the way we have measured those, and we have
had some confounding kinds of studies and reports. And I guess that 1s one of

my concerns in _some of the meta—analysis studies, although I must not get into
tfat or I would be outweighed in a hurry in terms of what those studies do

indicate.

It strikes me that the teacher studies that Wayne has pointed out have all

the problems that he has identified. But the one, it seems to me, that has

not been checked 1s that of philosophic orientation:. Why 1is the science

teacher there? What does the ‘Bcience teacher perceive his or ‘her role to be?

And it strikes me that most have a bad understanding of why they are there.

and that singling out some of the exemplary teachers of exemplary programs
indeed shows already,; with our studies of the search for excellence, Some
fundamental differences among the teachers who are doing things and those who
are just there.

It Seems to_ me, then, that we need to define our probiems, to prioritize

our goals, arnd to proceed with attempti to solve our problems in a good

Too much of what is done in the

procedure that we all follow in scienc

research that has been reported and summarized,; it seems to me; has been in

the school environment only. And certainly the Volker-Miller study would.

suggest that tﬁé‘i%ﬁooi is the least important element as an institution in

being responsible for the understandings and the attitudes and the knowledge
that the high school graduate has about Science as a field.

Comment: Dr. Lee Shulman

Your reference to that study that purported to show that the more students

studied sclernce the less they liked it reminded me of the old snggestion that

the best way to solve probiems of overpopnlation in some countries was to add

sex to the formal curriculum and the kids would turn off on that, too.

I too, have some fairly serious quibbles with Wayne about his .
meta-analysis, especially with respect to teaching behavior, but I trust that

processes and student'mediation of teaching than was referred to. And I think

he 1s absolutely right° it has turned out to be a very productive area of

research~-not in science, though some in mathematics.:

OFEN DISCUSSION

DR. TALLEY: In discussing thé effect of 'beieuvironment, especially the

bome, you put it down as moderate and perhaps high: In 1977; Lucy Seiis, in

her doctoral thesis at the University of California at Berkeley, which was

later simplified in an editorial in “"Science,” analyzed women who had the

ability to go on in mathematics but did not. There are four ways you can__
group people: And the ome that interested her was why women with the ability
to go further did not do it. 7The dominant factor was the attitude i1 the

home; especially of the mother; followed very closely by that c¢f the father.
99

o i N
oI E0:

qa\



_How many gther studies have been dome in this way, examining the cohorts

of those who could do it but.elected not to and trying to do a muitiple
variance analysis? I realize that the statistics show only associations and.
not causal relationships, but if I were to design a new curriculum, I would do
it in a way to counter any negative influence--that this is not a ladylike

thing to do; or that engineers do not get paid million-dollar salaries as do
first basemen.

DR. ALDRIDGE: Wayne, I have read your paper. I have an advantage over

the rest of the audience. In the figures you present on mean correlations and
effect, you do not cite any errors nor do you indicate ways in which } )
-significant levels may have weighted the means. -Are you satisfied that those

have been done appropriately? And are these errors of sizes that you made

ignored in presenting your table?

DR. WELCH: That's a good point, Bill. The series of papers that formed

the basis for some of my data will be published in an issue (May 1983) of the
Journal of Research in Science Teaching. And they do report standard errors
for all of the effect sizes that they report or the mean correlations. The

~ standard errors of the éfféct sizes are very much related to the number of

studies, and I do not believe they included studies that had fewer thanm a
sample size of seven. Most of them were in the range of 30 and above. The

standard errors of the effect sizes range from perhaps 0.20 up to 0.90. 30
there 1s quite a range: 4nd it is not clear to me that an effect size of 0.40

is a significant one given the probability of error that is included.

_As far as the relative size of the sample, the people who develop analysis
techniques examined that and found little relationship between the number of
subjects in a given study and its influence on the overall effect size. There

is some but it's not that large:

There is some concern and criticism about the use of meta-amalysis——a '

process where you take a bunch of studies and try to come up with a single

characteristic. And some people are philosophically opposed to that: I find

it offers some insight, and I am not as conceried about it as some others are:
DR. SHULMAN: Let me make two comments on that. Ome is about the effect

sizes and the choice of 0.40 as a cutoff point. My colleague at Stanford,

Nate Gage, 1s concerned about how we in the soclal sciences may be using
effect sizes that set a far higher standard for what 1s significant than some
other fields may. And he did the following analysis.

2 e N ) . . B
__ Many of you who are readers of either Science or of good newspapers kiiow

that within the last half-year or so there was a large~scale experimental
fleld study of the use of beta blockers in trying to prevent second heart
attacks, I think it was, in people who had had an infarct for the first time.
And a rather dramatic thing happened in this study. After something like the
first or second year, it appeared that the results were so strikingly in favor

of the experimental group that, on ethical grounds, the committee at NIH, I
think it was, that was monitoring this study recommended that the study be

terminated so that all people; including members of the control group, could
have the benefit of these beta blockers. X
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What Nate Gagé did, as professor of education at Stanford; was to get the
data which were published on this study and to analyze the effect. size; which -
is something that we who do educational research look at. Other folks do not

tend to look at effect sizes.

The effect size (I belleve; 0.14) that was represented by this difference

was so striking in that case that they did something unheard of--they
. terminated the experiment in midstream:

We do make policy judgments in fields outside of education on the basis of

what may; in the abstract; look like small effect sizes. These are complex

1ssues and we do not really have that much time to go into them, but I think
we have to look carefully at some of these methods and some of our criterta:

- DR. SABAR: Wayne, I know you do not feel comfortable with _Some._ of the )
resuits. We have discussed it a little bit before. Yet I wonder what kind of

message we give to teacher educators if we redlly hdave that little effect on

teacher characteristics and teacher behaviors and 1f students’ exposure to

learning experiences seems to have a much stronger effect, especially in

o mathematics 0.70).

iearning outcomes improve. We may get the wrong impression that just by being

admitted to the course (is important) But is it not,; really, because of the
teacher's initiative in the classroom,,because,hefor she really guides the
students into time on task, into a certailn kind of activity, or a certain kind
of homework that you have been pointing out? And I am rather concerned about

the message that we do have to say to teacher educators.

DR. WELCH: I am afraid I do not have a very good answer to your

question. What I am trying to do is to sensitize those of us in science

education to focus a little bit more on student behaviors an. on some of the
things that follow from that. One of the important characteristics of a
science teacher is whatever it takes to sell his or her science course--to
make 1t interesting enough that students will take more science in school, at
the precollege level. That is where we need some research. Because I am not
sure what it is exactly, what the barriers and facilitators are of gett4ng

into science classes. .

Another 1ine of research that I was struck with was presented at the
conference we were at in Israel by both Susan Stodolsky and Dawve Berliner.
Berliner is trying to depict the teacher as an executive in a classroom who i3
responsible for managing the productivity of a number of people that he or she
has responsibility for.

DR. SABAR: That is a behavior.

DR. WELCH: But it is a different kind of behavior than the sort of things

that we have examined before:. I do not kmow whether it will work. It does

tend to increase the status; and it may be related in some way or #aother to

the increased productivity of the classroom-
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Some work that Stodolsky and Doyle did looked at the classroom...the

student views, the ecological perspective, that classroom behavior is an

exchange for some kind of reward,; that you do things in class because of

either the rewards you get through satisfaction or; more often; grades or
something of that sort, such as you pay attention, you learn to use

that sort. And I think what is needed is research of that kind of student N

behavior that has impiicationa for what teachers ought to do that enhances the'

effectiveness of the students' behaviors.

~ DR. LANIER (Judith Lanier, ménigaa State University): wWayne; my question
1s related to the lack of a strong focus on your part on the studies 6f the
cognitive processes of teachers and learners as they interact in the &

classroom. I was kind of struck by: "We have looked at teacher behavior that

hasn't paid off, so now 1et 8 go to studen.s and study student behavior.”

So I am raising the question of whether you thought about cognitive

8o therefore you left it out, or whether maybe 1 missed the applications of
cognitive science and the studies of cognitive processing of teachers and .

DR. WELCH: T thought about it: I was at a meeting in Pittsburgh just

before Christmas related to needed research on cognitive processes and

information science. What has happened in science education is that the
research on teachers' cognitive processes is very extensive. I was not able
to find in the sources which I used, which were research reviews (Project

Synthesis National Assessment, and the meta—anniyses), anything that seemed

to represent a large amount of research in that area.

things; if those two go together—-does not lend itself very well to the kind

of meta-analysis work that was done. So one reason it is ignored is because
it was not 1lncluded;

It's the percent of people who can do certain tasks. It was included
under the student characteristics. _That is, the student characteristics are
very much related to what students learn. And if you look at the ability to
perform certain tasks and you develop some kind of a fleasure to measure that,

it correlates around 0.4 to 0.5 with studeat achievement.

As far as gaps or promising future research on student characteristics; it

seems to me that a lot has been done; and; except for some of the work that

has recently been done by Larkin and others, I just do not know., It's sort of
a void, an unknown, as to whether that holds proamise or not. : ‘

DR: YAGER. I am somewhat perplexed with this kind of choosing np sides:

"Is the student more important or the teacher?” I keep wanting to get back to

what is the fundamental problem and what is it _that we are after. And it
strikes me too much; "0Oh;-I'm into teacher stuff, and therefore somebody is

going to get money;" or;, "I want to study students.”

-
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- Ié,éé'éiiié to me ,f:i‘iéf: thét,i#’ﬁhété we need ,tﬁé philosophical orientation.

We need to define the specific problem. And then maybe it would be obvious

what we want to study or where we might go with what seems to e to bae almost
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SESSION IV

,‘ " MATHEMATICS EDUCATION | '

~
s

«~ . TAKING HATEEEATICSAIEACHIHQ,SEiIQUSLY:
REFLECTIONS ON THE TEACHER SHORTACE
&

Jeremy Kilpatrick Professor of Mithematics Education,
University of Georgla* -
and ®

James W. Wilson, Professor and Chairman, :

iyt 2 o -

L

Department of Mathematics Education, University of Georgia*

b;
The shortage of qualified mathematics teachers for America 8 claasrooma 18

e

clearly as the surface maniféétation of a far more intractable phenomenon.- <.

Our thesis is that the current shortage of mathematics teachers 1s a—

Sy om of a chronic dnd pervasive disease: , the fallure of various segments

of soclety and the educational community to take seriously the teaching of

mathematics: There has been a serious devaluation of mathématics teaching;

and that is the maiady underiying the shortage.

who teach it. These attitudes are shared by atudents, parents, school 77777E
administrators, members of the general public, State and Federal legislators,

mathematicians, fiathematics teéachers themselves, and any of a number of other

people who affect what goes on 1in mathematics classrooms. We claim that

despite occasional professions of admiration for the heroic job that

mathematics teachers do, too many people today have little regard for either
the profession or the activity of mathematics teaching. Some who claim to

value mathematics teaching most highly are those who; often in subtle ways,
express the greatest contempt. The devaluation of mathematica teaching-aqt

only contributes to the téacher shortage but also operates to thwart attempts
to relieve it.

The current shortage of mathematics teachers- 18 most apparent in the

secondary school. There one can identify clear expectations of a background

in mathematics and pedagogy “and can document that an insufficient number of

people are available. In the elementary school, however, the shortage of
‘trained teachers of mathematics is Tess obvious. Among the cadre of certified

*The authors are grateful to Tom Cooney; . Ed Davis, Linda Ginn, Larry Hatfield,

Joe Hooten, Jeremy Jordan, Ldurie Reyes,  and Sigrid Wagner for suggestions
and comments on an earlier version of :this paper.

x



is sufficient to the demands of today's curriculum—-let alone tomorrow's--and

who feel comfortable with mathematics. Schools face an especially severe

shortage of teachers who are adequately preparsd to deai with the unique

concerns of mathematics teaching in the middle school years. Although our

focus is the problem at the secondary school level, we feel strongly that
there 1s a crisis in the teaching of mathematics at all levels.

<

In what foll 77; we look first at some ideas that have been proposed for

alleviating the clrrent shortage of mathematics teachers, examining what these

ideas suggest about a more satisfactory approach to educational problems.

Then we look at the school mathematics curriculum in the United States and the .

teacher's role in developing the curriculum: -Next; we cornsider mathematics

teaching in the United States and how it has been viewed by the participants
in the process, as well as by outsiders. Finally, we outline some directions .
for improving matheletics teaching that are suggested by our observations. We =

believe there 1s a research agenda inherent in these observations.

r

SOME IDEAS FOR REDUCIﬁC THE SHORTAGE OF MATHEMATICS TEACHERS

In examining various proposals for reducing the shortage of q&élifiéd

teachers of mathematics, we have been struck by the frequent clash between

short-term and long-term goals. Some proposals seem likely, if implemented,

—__ -y - - 77 TV T YT TEE

to_exacerbate the problem of maEing mathematics teaching a profession that

shortages unlikely. There is a very limited _research literature on which to
base projections of the costs and benefits of proposals. Reséarch should be

conducted into their possibie effects, iucluding any side effects, perhaps

concnrrent with their implementation. -

EERCRp R —— - . [ oy

Raise Salaries for ﬂithéﬁiticé Téachérs

. more, there would be more candidates entering the field and fewer mathematics

teachers would leave. The contention is probably valid and well worth

pursuing: We have former students at every degree level who have abandoned

mathematics teaching for higher paying jobs. Clearly; low salaries contribute
in a major way to many teachers' decisions to leave the profession.

Nonetheless, people leave mathematics teaching for _many reasons, and these

should be studied. Serious study is also needed of the changes—-both

‘beneficial and harmful--in the profession that would be brought about by
increased salaries. For example, although the benefits could include_ ‘
attracting to school mathematica teaching talented and committed people who

"holding more of the unqualified.

We do not oppose higher salaries for teachers, nor. go ye oppose paying

mathematics teachers more than other teachers. As a short-term.tactic,
however; differential salaries possess some built-in assumptions-and

limitations.

" 106

o0
-y
Tey
|
[
k3




[ ]
|
e
n
¢ ]
(a4
»
ﬂ
i
I ]
ad
m
O
”
o
O
-]}
0
‘ol
B
@l
(2 g
O
D
'@l
E
I ®
t da g
-
1]
2 4
.l
-
| I
N 1
)| @
D
R
"'
N
LW
e
U"
| !
L
[
-3
ﬂ
Ty
-
=
E
-
m
n

of qualified mathematics teachers out there who, given enough pPay;
will stay in or return to teaching. The assumption is questionable.

4 Second, differentlal salaries may adversely affect how mathematics

teachers are distributeqb with affluent school systems being able to

exert even more leverage than they now do in attracting the best

qualifted teachers.

Third, one must consider the divisive influence that differential pay

.might have on the profession. One group of teachers might be pitted
against another._ The Director of Teacher Education and Certification
in the New York State Education Department, reacting to a plan for

differential pay in that State, argued: ’ RM,MJ,

e

among the 192,000 persons presently serving in

the schools: That potential would result in more

problems in New York State than any solution

might be worth. (Gazzetta, 1982, p. 19)

Provide Incentives to Preservice Teachers

Another popular proposal for dealing with the shortage of mathematics

specified minimum time. The long—term effects of this proposal fay well be

positive. Incentives--if handled properly-fmight eficourage some talented

young people to consider mathematics teaching, and onme of the things we ask;’

' as educators of mathematics teachers; 1is the opportunity to appeal to such

students.

__ There is‘ of course; a negative side to any such-incentive program--the
likelihood of attracting to mathematics teaching people who are not interested
in it as a careesr aund who will teach only the minimum time needed to repay
their obligation. Frankly, we have heard of fio “proposal in which the '
incentives were so high as to attract large numbers of such people. The
positive and negative aspects of incentive programs now under way should be

studied.

Change the Requirements for Becoming a Mathematics Teacher

Sotie argue that the shortage of mathematics teachers 18 so_severe that L
certification requirements should be changed so as to "free up” pools of
'taleqted people to teach mathematics.f One of these pools consists of teachers

for certificaticn as a mathematics teacher in a middie schooi or a high

school:. Many of these teachers are nevertheless assigned to teach

'mathemitics, ‘and some authorities have suggested that the shortage might

then certifying them.
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' our experience indicates that the suggestion 18 maive. Such teachers

gggggihgyg7ygry”ﬁgggﬁpreparat16ﬁ in mathematics and need extensive
opportunities to develop a depth of mathematical krnowledge and ability—-
programs survived. Few of these teachers, inm our experience, have managed to

develop and maintain a genuine commitment to mathematics teaching. Short-term

programs that provide workshops, inservice courses, and the like almost always

reflect a compromise in the quality and depth of mathematical knowledge that
teachers are likely to need. A long-term side effect of this proposal might
be the staffing of high school mathematics departments with underprepared, yet

better qualified and better prepared teachers.
A different compromise can be seen in proposals in Georgia and other .
States for a second level of certification for teachers of non-college-— o
preparatory mathematics courses. The mathematics curriculum for students who
are not bound for college is already a wasteland. It deserves the attention

of fully trained and committed teachers. Study of the situation is needed,

but in our view, teachers of mon~college-bound students are likely to need a
broader knowledge of mathematics and its applications than their colleagues

who teach the college bound:

science-trained college graduates. These people may have adequate preparation

in mathematics, but they do not have training or experience in teaching.

Another pool consists of scientists and engineers from industry and

Since most such recruits to teaching lack traditional

. teaching credentials; their work in a school system may
create _controversy. States should consider competency~
based (rather than credit-hour—based) teacher certification;

an alternative 18 to create a separate category, say,

adjunct teacher, comparable to an adjunct professor in a

university, for scientists who want to teach in schools but®
lack traditional certification. (National Academy, 1982,

p. 18) . ,
* Yet another pool consists of students preparing for careers in business
and industry who might be enticed into teaching: Gazzetta (1982) has proposed

that business, industry, and education enter into a cooperative program in
which capable high school students would enroll in collegiate programs
preparing them to teach in elementary and Secondary schools for 3 years: -

Business and industry would agree to employ the graduates of such programs

during the summer and then would provide a stipend to enable the completion of

' & graduate degtee in mathematics. After 3 years of teaching, the graduate
would resign from the teaching position and join the sponsoring business or

. industry. ‘ .

Most_ proposals to recruit teachers from nontraditionmal backgrounds assume
that mathematics teaching requires a knowledge of either mathematics or teach=
ing, but they fail to ackmowledge that both are essential. These proposals
also treat lightly the question of commitment to mathematics teaching as‘a

profession. ’
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Provide Help in the Summer Months

For many. natﬁematics teachers, summer enpioyment has Secome an economic
nétéssity.f Unfortunately, such employment—-like moonlighting-—often has no .

likely to be nil.

2

Some appealing proposals have been made to provide summer work in

industries or in government laboratories where the teacher can be involved in

applications of mathematics: Programs to implement such proposais; however,

are rare and not well—known. The feasibility of the proposals should be

for 11 months a year. 7Ihe summerfmonths could be,used for the preparation of
course material and syllabuses. Our éiijéi‘iéﬁ’cé’;ﬁi!:h’ teachers who were hired
during the summer to assist with the development .of teaching materials
indicates an added benefit of increased professionalism and a commitment to

make the material work effectively in their classrooms:

s

A thread running through the proposals discussed so far for dealing with

the shortage of qualified mathematics teachers is that money in the teacher's
pocket is the key to any solution: Not everyone takes this view:

recognizing outstanding performance....Some people think
such incentives might be more important than added pay in
retaining good teachers: (National Aca*demy, 1982, p. 17)

Our view is that, importaut as additional funds may be in attracting and

retaining qualified mathematics teachers, 1n the long rum attitudes will prove

more important than funds. That does not mean that salary is unimportant to
teachers;, but it does suggest ‘that unless the teacher's commitment is

(Editorial Projects in Education, 1982, pp: 245; 248)' :

1. The principal reason given by teachers for their decision to become a
teacher was a desire to work with yonng people; This reason was

given by over two-thirds of the teachers surveyed in 1971; 1976, and
1981. . .

2. Tﬁé ‘percentage of teachers planning to remain in teaching until

percent in.1981.
3. The percentage of teachers responding that they certainly would enter

teaching ‘again declined from 53 percent in 1966 to 45 percent in 197%
and 38 percent in 1976, and then dropped to 22 percent in 1981:

m9112 ;




It appears that the morale of teachers has declined faster than their

relative purchasing power. If teachers are not permitted to work with yﬁﬁﬁg

peopleé in the ways they comsider most appropriate without needless

interference from authorities——and if other doors are open to them-—-they will

not stay in the profession. The morale of mathematics teachers is not

necessarily lower than that of other teachers, but for the qualified

mathematics teacher doors have been opening to opportunities in business and
industry.

The solution to the shortage of mathematics teachers is mot just more

money-—even though more money 18 needed for education and some parts of the
‘'solution may cost a lot of money. The solution requires that more students be

recruited to the profession, that competent qualified teachers be retained in

the profession; and that incompetent or underqualified teachers either be

helped to improve in quality or be helped out of the profession. A condition

of this solution is that the profession itself must become more attractive in
the rewards it offers.

<

An important observation about the various proposals for reducing the

shortage of mathematics teachers is that these proposals have not come from

the teachers themselves. They have come from members of various groups who

manifest a concern for the plight of the classroom teacher but who are not
themiselves engaged in teaching. Even the various professional associations
that profess to speak for the ﬁathematics teacher seldom count more than a

handful of practicing teachers among their leadership and have only a fraction

of the practicing mathematics teachers among their nembership.

top—down fashion, often with little effort to find out what the problem looks

like from below--the classroom, in this case. One of the difficultles we all

face in addressing problems related to the teaching of mathematics is that

most of us who wrestle publicly with the problems have not been in mamy
classrooms lately. We have not walked in the shoes of the mathematics teacher
who has five classes (and three “"preparations”) a day.

Hear the volce of a second grade teacher as she expresses her frustration

at yet another newspaper column on mediocrity in education:
L feel an_ unrelenting need to express myself regardiﬁé

the fact that the classroom teacher is rarely the )
decision maker, the one person who i3 in the positiOn of

: having real insight into children and the education

process....

) ——— - 110
\\?§7§:§\“":““*;:--—:; - ~
a 13—



°

Mediccrity comes from the feeling of impotence in a mass
of others who are making decisions which affect the

classroom teacher: legislators, university professors

-

and researchers, boards of education, administrators,

curriculum directors, parents, etc., leaving the

classroom teacher at the bottom of a pit surrounded by

the decision makers. pointing their fingera and saying (in

<, many different ways) "Do it my way.” Shouid ‘the teacher

bgndwagon will come by for the decision makers to attach
themiselves to, and so new directions are shouted into the -

?it..;. . .

messages, the feeling that I must not be,good enough to

take responsibility for the education of my students,”

and the feeiing that one is, at times, a puppet,

victimizes the child. For we knmow in our prnfessional

hearts what kind of environment a child needs in which to

grow and learn and "find thac knowledge that is within,"

but I can assure you that a negative working enXironment
caused by society's demoralizing attacks on schools can

. Excellence in education will occur more frequently when
the teacher becomes autonomous and is made responsible
for the education of students. Excellence will occur

when a public school teacher's status is raised to Ehat

of a professional with the salary and esteenm equal to

other professions. Excellence will occur when we cease
looking at education as "meeting minimum competencies.”
Excellence will occur when teacher training institutions
cease looking so etrongly at teaching styles; techniques,
philoeophical stances; and the ability to expotuind
educational jargon, and take a closer look at necessary

personality traits: an aura of confidence; of being

turned on to life; of having the ability to empathize ‘ -

with a child; of being secure enough in the assessment of

a child's emotional and academic needs to meet anxious

parents and administrators calmly; of being secure emnough

to.be first and foremost, the child's advocate:

The tedcher is the clﬁe} the cétéliéf the core around

which all else flows. We need to begin there. (Ginn,
1983, p. 6). )

That voice should haunt anyone who addresues the issue of inproving the

teaching of mathemsatics in our schools. We do not presume to speak for the

teachers themselves: But we do wish to bring forward certain comsiderztions

that have occurred to us as We have thought about the problem and as we have

talked to teachers.

~
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THE SCHOOL MATHEMATICS CURRIECULGM IN THE UNITED STATES

What the Curriculum Has Been

pulied to and fro by various groups-—educational psychologists,

mathematicians; mathematics educators,; school administrators; admissions test

developers, curriculﬁm theorists, ‘school boards, public interest groups,

ta ignored or worse; given a token hearing.

Sixty years ago, the National Committee on Mathematical, Requirements S?\\

the Mzthematical Association of America issued a report onsrheikeorganization,xii

of Mathematics in Secondary Education (1923); which was meant as a reply to

- the education generalists who argued that mathematics; like any other school
subject;, had to have "social utility.” _This confrontation between generalist
and specialist joined the issues of mathéﬁatics for everyone and mathematics

for the few. Forcéd to deferd its place in the ciirriculum, mathematics seemed
unable to justify its value beyond the most trivial forms of arithmetic, -

algebra, and geometry, and accordingly declined in the school curriculum

during the thirties and forties.

_ By the mid-l950's, school mathematics was again on the defensive-this
time against back-to-the-basics educators who, appalled at the inroads’ that

progressive education had made in the schools, wanted to recapture a mythical

past when everyone cculd calcuiate cube roots and divide polynomials with

ease; Into this fray, but ignortng both sides, stepped the mathematicians,;
bringing the "new math.” They brought many positive fdrces to mathematics
teaching, but they did not manage to get teachers to work with them as
colleagues and equals. As so often “ioppens, teachers were treated “with the S
kind of casual arrogance only profes ~rs can manage, when they conceive of the

lower schools” (Schaefer, 1967, p. 51,, and this treatment may have been the

Achilles’ heel ~f the new math movement.

The popular view these days is that the new math failed A more
_ considered view; and one that is shared by a good many people who have sought
" to analyze this curriculum reform effort, is that the new math was never

really tried--in the sense that it did not permente most classrooms very far.

Referring to the curriculum inmovation associated with the new math; the _

report of the National Advisory Committee on Mathematical Education (1975)
concluded: . "The principal thrust_of change in school mathematics remains
. fundamentally sound, though actual impact has been modest relative to
expectations™ (p. 21). The popular perception, however, seems to be that the
change was massive and that it has now been repudiated.
?&fti? because of the péf&iptioﬁ of the new math as a failure; the 1970°'s

worksheets, and much hand wringing when, &t the end of the decade, the

National Assessment results showed that many students were unable to use

mathematics for solving simple problems (Carpenter et al., 1981).
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A recent turning point in the tug and pull of the school mathematics

curriculum seems to have been the Agenda for Action of the Naticnal Council of

Teachers of Mathematics (1980). This report; which reflected an input by

mathematics teachers, presented recommendations.for school mathematics in the

1980's. The repo:t set an agenda rather than providing a blueprint.

The recommendations in the égggég called for an emphasis on problem

solving and applications; a reexamination of basic skills, incorporating

calculators, computers, and other technology into the mathematics curriculum
and mathematics teaching; and more mathematics for all students. The

reconmendations have been criticized, applauded, widely cited, and widely

ignored. Textbook publishers have indicated that they are incorporating the

recommendations iato their material; but the textbooks look much the same as

before. For the most part; classrooms continue in a driil—and-practice mode.

] We follow the éggggi in believing that the impact of computers will change
mathematics teaching, the school mathematics curriculum, and teacher

preparation programs. We too would applaud genuine problem solving by

students: We endorse the recommendaticn that every high school graduate

should have 3 years c¢< high school mathematics. But we further

believe that the mechanisms to bring these changes about do not exist

independent of competent; highly trained mathematics teachers: The arena for

action is the classroom—-not the superintendent's offick; not the bureaucrat's
office, not the mathematician's office; and not the speaker's platform.

The corollary to these comments is that if the mathematics curriculum
changes as proposed through the 1980'8, the need for competent mathematics __
teachers will become more desperate. More teachers will be needed, they will
need more and better training, and many teachers in the field will need

advanced training and, perhaps,iretraining. In short, what is now a serious

shortage may soon become critical.

How the €urricuium Has Been Sééﬁ

allowed to continue in the educational aystem and obtain the benefits society P
offers the educated. .Even before mathematics was identified as_ the “critical

filter" (Sells, 1976) in determining ‘entry into college majors leading te

established as an indicator of fitness for higher education. In countries

such as France and Israel, mathematics maintains its status as the gatekeeper

to higher education: Here in the United States; its role may be less

prominent, but it stili shows up in entrance requirements for college. For

example; half of the Scholastic Aptitude Test is devoted to the assessment of
mathematical abilities that candidates have developed during their school

years. .
L o oL ."‘ - o . J ) I .
At least in part because mathematics is seen as a necessary evil by most
students, and perhaps by many teachers, mathematics classes have a sameness

that can be stifling; Boredom seems to be accepted as an imevitable
accompaniment to the mathematics experience in school: As an observer noted
in a case study of a U:S: public high achool in 1976:
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jpent about math classes is that they were

Mwas perceived as being more fun...I got the
students looked forward to science but no
bok forward to math. {(Quoted in Fey,

a8 two faces. To the mathematics educator and to many

lema t "7?11 . bject 1s challenging and potentfally exciting. It

offers many afQEEEEENNEE blen solving, pattern finding; exploration. proof
estimation, cg

demonstrate

statistics,-
probability;"§
(and perhaps L
terms of the ab J to perform paper—and-pencil computations with whole

numbers, fractione, and decimals, plus some skill in manipulating algebraic

expressions and some knowledge of elemen'tary concepts of geometry and

measurement. Many people might define the mathematics curriculum that way-—it

poblem solving; pattern finding, exploratiom, proof;
» applications to other fields; and opportunities to
d to develop intuition. It E&é many parts, including

'wmetries, algebra, number theory, combinatorics,

To other educators and to the gemeral public

rs of mathemgtics), school mathematics is .viewed in

expresses what they think any high school graduate should know of mathematics.

Such a definition; however; misses much of what the schooi mathematics
curriculum might be. :

When people discuss the fatlure of various curriculum deveiopment projects

to have made much-of an impact on mathematica teaching, they may point out

that the teacher i1s constrained by various conditions that put iimits on
change. They seldom—~in this country; 'at least--talk about emnlisting the
teacher in curricului development.

American mathematics educators tend to disparage grassronts efforte‘to

improve the school mathematics curriculum. One hears scornful comments about

"reinventing the wheel,” or; as someone has said,; "reinventing the flat

tire.” Instead; instructional theorists and curriculum deveiopere tend to

look for some way to get around the teacher and to provide an instructional
package that does it all: a of curriculum.

It 1s disturbing that educatiomal theoriats have promoted this view, amd

even more dig:urbing that so many mathematics teachers. have eagerly accepted

it. The teacher-proof curriculum idea is; after all; built on_the notion that
the main thing wrong with current approaches is the presence of a teacher to

T misunderstand, distort, and subvert the instructional prqcess.

Why have teachere accepted the idea that they are incapabie of taking part

o i1 the curriculum development process? Lortie (1975) hds argued that the
‘<77 system for recruiting entrants into the profession.tends to select people who

__are conservatively inclined and who are unlikely to be interested in investing
he effort needed to change the circumstdnces of teaching. Teachers tend to

résist change, in Lortie’'s view, because of who they are and how they have

crhited into teaching.
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But does that explain teachers' reluctance to participate in curriculum

change? Let us_examine the prevailing myths about the teacher's role in

curriculum development in three different countries: Sweden, England, and the

United States. To call these conceptions "myths” i1s not to put them down or

to say they have no basis in fact. It 18 rather to emphasize the function of
these COnCPptionB, whether or not they correspond to reality, in guiding

people's actions.

Sweden has a highly centralized system of education, andfthe Swedish myth

is that the government should set the framework for curriculum development, as

for other educational matters. Teachers in Sweden actually welcome the active

rolc of the central government in taking the inittative in educational
innovation (Dalin, 1973, p. 245). The politicians set the broad aims for
education in Sweden, and it seems reasonable to most educators there that the

central administration, with its greater resources for research and

development, should have the responsibility for directing reform,

' Consequently, it would be unthinkable for a teacher or group of teachers in

prescribed curriculum: This is not to say that local initiatives have not

been successfully attempted or that all teachers accept central direction

passively, but only that the myth of teacher deference to central decisions

anland has a different educational tradition and a different myth The
English subscribe to the myth that the teacher is responsible for determining
the curriculum. As Maclure (1972) has noted:

[(This is a myth] in the sense that it expresses great

truths in a form which corresponds more to an idea than to

reality. The less factually correct it “may be, the more e

important it 1s to assert...:To refer to this as a myth is
not to denigrate it. It is a crucial element in the
English educational idea. It is the key to the
combination of pedagogic, political and administrative
initiatives which provide the drive for curriculum reform
in England and Wales. (p. 41)

One can see the myth operating in the ‘English invention of teacher centers

and in the major role teachers have played in most English curriculum

development projects. The English attitude toward curriculum reformw is very
different from the American attitude. , ;

What is—the AEErican myth about the teacher 8 role in developing the

curriculum? Traditionally, it has been that the local community is the

determiner of the curriculum. We have given considerable power to local

school boards, acting outside the profession and for the comminity, to

determine what shall be taught in school. There is merit in this approach.
Mark Twain was not completely correct when he observed:

In the first place God made idiots. This was for practice.
Then He made School Boards. (DeVoto; 1946; p. 567)
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Local boards have been given responsibility for curriculum policy, and local
teachers are expected to work up alternatives for board decision and work out

. detalls once policy decisions have beeii made.

But the traditional myth of local determination of curriculum seems to be

crumbling. 4 major reason is the mobility of our society: When parents move

from one _place to another; “hey expect their children to study much the same
mathematics in the new-school that they did in the old one. Mathematics,
people believe, 1s a subject with a strong partial ordering, if not a linear

ordering. If you miss out on Some mathematics in the sequence, you will never

catch up~-now there is a myth we all understand. Our system of Carmegie

units; our national tests for college admissions, ‘our textbook publishers

seeking national sales—-all conspire to make the school mathematics curriculum
a bland concoction, relatively uniform across communities and highly resistant
to cange. Add to this tlhie growing desire to State departments of education
to ensure minimum standards, and one hasg the local school-—and the teacher——

caught ia a WEb of constraint.

, Curriculum development projects in the United States over the past two
decades have helped to break down the myth of home rule in curriculum, the
idea that children differ so much in abilities and needs from place to place
that only the local schools know them well enough to devise an appropriate
curriculum for them. As Ovsiew (1973) noted, the curriculum dévelopment

projects of the 1950's and 1960's proceeded on the basis of a completely

different assumption; nameiy.

research -field test and development to create curricula

that couid be used Iin Zn thousands of school ¢ districts;

.rather. thanispend hundreds of dollars using teachers to

— make curricuij to be used in one school district. (p. 530)

e Take c i P 7
. Thé Eéntiment is familiar, and one accepts'it‘ Whé cculd be against
efficiency and economy in curriculum development?  On2 should realize,

however, what this myth is saying about the teacher's role: Teachers may be

allowed to participate in curriculum projects; but they should understand

their place. They are helpers or guinea pigs, not true collaborators. The
teacher's role is to be a consumcr of the finished curriculum that someone

else has developed someplace else.
How _tlie School Mathematics Curriculum Should Be Seen

Asgessing the curriculum reform -activities of the School Mathematics Study
Group (SMSG)-—the best known; and probably the largest; curriculum development
of _the new math era-—-its director, Ed Begle (1970, p. 27), argued that SMSG
had helped to bring under control the problem of teaching better mathematics.
Not under control, and open to research, was the problem of teaching

mathematics better. Although Begle accurateiy perceived the challenge of the

two problems, he was overoptimistic inm his assessment. Ome of the clearest
lessons of the curriculum reform efforts of the sixties and seventies was that
change will always be present (Howson et al., 1981, chapter 1). The process
of curriculum change needs to be both continuous and continual.
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A more important lesson, but one that perhaps has mot been well learned;
is that the teacher_ is the focal point for any change in the school
mathematics curriculum.

There is one thing that distinguishes teaching from all

other professions, except perhaps the Church--no change in *

practice, no change in the curriculum has any meaning

unless the teacher understands it and accepts it. This is
a simple but fundamental truth that no curriculum builder

member,of a team designs a rpof,truss, the,efficiency of
the injection or the strength of the roof does not depend
on his faith in the formula he has v~ed. With tiae teacher
it does. If he does not understand the new method, or 1f
he refuses to accept it otber than superficially,
instructions are of no avail. At the best, he will go on

doing in effect what he has always done, and at the worst

he will produce some travesty of modern teaching: (Beeby,
1970, p. 46)

2i

proposals for curriculum change,,buc,that he or she also needs to be educatcd
to participate in the process; should be expected to participate, and should
expect to participate. Part of the professional development of mathematics
teacliers should be training and apprenticeship in curriculum work, It would

be unrealistic to expect that all curriculum materials will be designed by

teachers or that all teachers will choose to participate in designing them:

But as many teachers as possible should be made to feel part of the process,

and all should feel an obligation to adapt curriculum material to their

situation.

Curriculum development will have to coexist with
'non-participant ' teachers: but the latter will still

© have & vital contribution to make providing they are

familiar with the significance and the workings of

innovation. The lessons of the reform period we have

recently witnessed are that most attempts to enforce

radical changes in practice have been subject to trouble

and distortion and them only rarely h»7e original

intentions been realized:. If innovation is to proceed.

more éatisfactorily in the future then; it is essential
that we ensure better_ understanding and acceptance by
teachers. Consequently, one of the most significant tasks
for future work in the field of ciirriculum development is

to broaden the base of innovation. (Howson et al., 1981,
p. 265) =
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MATHEMATICS : TEACHING IN THE UNTITED STATES

thematics Teaching Has Been
__ _Who Are the Teachers? Teaching historically has been one of the most open
of professions, providing an avenue for talented people to raise their status

in society when other avenues were closed to them. Until recently, women and

minority group members who were gifted in mathematics went into mathematics
teaching because other opportunities-were not available. That situation has

changed. Students entering college today find that a sound preparationm in

_mpathematics allows them to ckoose among many attractive undergraduate majors,
#and students graduating from college today with a major in mathematics or
computer science find inviting career opportunities competing with teaching

for their attention,

Over the past 15 years; the number of women preparing for secondary

mathematics teaching at the University of Georgla has declined. In 1970,
approximately 80 percent of our prospective secondary mathematics teachers
were women. The decline in the teacher candidate population seems largely

.attributable to a 'decline in the number of wowen enrolling in the program.

‘The reason,; we believe, i3 that many other career options are now open to

‘women who have talent in mathematics: -
. ¢ - N o i ’

. As we recruit young people to consider mathematics teaching as a career,
we want to draw from the same talent pool as the fields of engineering,
computer science, and mathematics. The demands of mathematics teaching call

for the same range of talemnt as such flelds; we cannot accept the demeaning

notion that only the less’ talented are fit to teach. As mathematics
educators, we want to tell our story of mathematics teaching as a challenging
and rewarding career to the wliole range of students with mathematical talent.

What Has Teacher Education Been Like? Mathematics teaching has been

approached somewhat differently in the elementary grades’than in the secondary

grades 1f only because elementary school teachers historically have beem

generalists educated in teachers colleges; whereas secondary school teachers
have been, whenever possible, university graduates with the equivalent of a

major in mathematics plus preparation in pedagogy. Of course, these have been
the expectations, not necessarily the reality.

new
"fractions” and “"the rule of three"” (Cajori, 1890, p. 9). The introduction of
certification requirements in the latter part of the nineteenth century
substantidlly fncreased the amount of college training required to teach in an
elementary school. Yet by 1960, the mathematics education of a typical
graduate of a 4-year certification program consisted of 2 years of high school

__ &In colonial America, it was an exceptional grammar school teacher who

mathematics, one course in general mathematics, and a course in methods of

teaching mathematics. . The median number of semester hours of mathematics
required to teach in high school was 15; and a survey of high school
mathematics teachers in 1959 found that 7 percent had taken no college
mathematics and only 61 percent had ctudied calculus or more advanced courses
(Gibb =t al., 1970).
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Given only a limited amount of time in which to prepare teachers; and

- recognizing that the conditions of teaching have become much more demanding, o

mathematics educators have been increasingly concerned \Tth equipping the

preservice teacher to survive the first year on_ tune job. By arranging for the
preservice teacher to get out into schools and by providing courses that are
aimed at the nractical concerns of teaching, they quite naturally hope to make

the teacher training program as relevant as possible. Such moves have

generally been applauded by preservice teachers.

An orientation toward practicality in teacher education has much to

recommend it--there is little point to a program whose graduates lack the

skill needed to keep ordér in the classroom and to manage thelr other

responsibilities as teachers. One should note; however, that a view is likely

to be perpetuated in which subject matter is deali-with in terms of concepts
and teaching in terms of "skills." b

[y

The shift to a survival orientation has meant that teachers enter the
classroom without much preparation for a career in teaching. They may be

equipped to use the textbOoks they are given, but they are not equipped to
develop curriculum units of their own. They may know how to follow the

syllabus for a geometry course, but they have not thought about alternative

ways that geometry might be integrated into.the curriculum: ‘They know _about

the content of the courses in the grades they teach; but they are not faﬁiiiar

with--and may not consider it their business to know about--the mathematics
taught in other grades or in other school subjects. 1In short; the¥ hdve not

N

HhatgﬂasgtheeieachereseProfessional Life Been Like?: It is comnonplace to

ask why the schools canmnot be run like businesses or industries. They are.

In fact, the false equation between educating a child and manufacturidg a
product is the source of many of our difficulties in education. It has led

too many people to conceive of teachers as educational technicians rather than

as autonomous professionals or educational leaders.

This ﬁbdélizcouﬁléd with textbook material that dominates how classes are
organized, mandated assessments that lock instruction into a straightjacket,
and peers who bring heavy sanctions down on the head of the innovator-—has
brought a stultifying sameness to mathematics classrooms and a diminished
sense of importance to mathematics teachers. Further, a key person in the
professional life of the teacher-the building principal--has too seldom been

an instructional leader who works with teachers as colleagues. Principals,

too, have bought the managerial model. . v

A ke9 to the "iﬁaée §f§§1éa§ that,teaching has contended with in recent
teacher education programs—-may lie in the close look that every student_ gets
at teaching before deciding whether to enter it as a profession. Not only has
that close look revealed a beleagired soul, asked to do too much and- given too
little with which to do it, but also the messages from society to the student

have suggested that teachers may not have the answers, and certainly do not

v

"have the authority, to act as they once did’ i . .

L
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Proposals to "deschool society and to free children from oppression, B
though they may have little visible impact on how soclety manages its schools,

communicate to students & diminished view of the teacher's importance. As the

rights of students have quite properly been asserted, there has been a price

paid in the quality of the relationship between etudent and teacher: Aas
society, through ita boards of education and State departmente of education,

been caught ih the middle. forced to give claesroom time to preparation for
and the administration of tests, compelled to fill out more paperwork, and

obligated to face students and parents whose stereotype of the teacher is

4ncreasin31y that of an incompetent, poweriese, poorly qualified; low-status

person.

~ Many teachers today find it difficult to maintain the sense of service and
mission that historically has enabled teachers to put up with adverse

circumstances of all sorts. A series of research studies sponsored by the

National Science Foundation provide a view of the classroom from the teacher's
perspective (Fey; 1979a; 1979b):

,”;;:I've had a lot of spark takenm out of me in the last

N _*° o Th_ s e e E

two years. We hear administrators talking about meeting

the neseds of atudenta—-indtviduaiization. But we never

get time off to develop these things or the financial
support...,I ve talked to them about setting materiale and
teacher relationship. But I find it very difficult to
stand up and play Johnny Carson everyday.”

"I always Ehoﬁghf thaE the main goal of education was

management.” -

- N

"We need to be working with teachers, not checking on

them: .. :Education is generally a negative enterprise °

toward children, toward teachers:’ It is a’ highly

negative. Those who get réwarded are those who make the
feweast mistakes.” (quoted in Fey, 19795, p. 499)‘q

and a director of the Nationai eouncil of Teachers of Mathematics; said last

year in his testimony to the National Commission on Excellence in Education:
Zegggsre feel they are neither respected nor appreciated. In such a setting
of tration and ﬁnhappinéaa; mathematics education camnnat attain .

excellence” (p. 3). .

We 1live in a complex; dangerous, and fascinating world.
Science: has played a role in creating the dangers, and dne i
hopes that it will aid in creating ways of dealing with
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these dangers. But more of these problems cammot; and
will not, be dealt with by EciEﬁtiétéiaioﬁe. We need ail

§eien9e and technology is becoming the ultimate
seif-induigeﬁt luxury. (Bernstein, 1982/83)

We in the United States need a renewed commitment to the learning of

mathematics--and therefore to its teaching--not because we need to "catch up”

‘as a Nation with the Russians; the Japanese; and the Germans or because test

scores have fallen and .our pride is hurt; but Because the quality of the

mathematical tools for thinking about problems that confront them individually

and collectively. As we work toward creating this commitment, we need to
recognize that no quick-fix "solution” to the shortage of qualified teachers
of mathematics, however effective it might be in placing people in classrooms, -

can accomplish the transformation required in what it means to teach

mathematics @s an activity-and g career.

The image of mathematics- teacﬁing must be changed, and the only honest

way to do that is to change the gubstance as well. The transformation.of

mathematics teaching must ultimately become a cooperative effort 1in which aii

particular, a more rewarding enterprise for,all concerned.

Without an.expressed nationai poiicy on education in mathenatics,

Americans work within the framework of a tacit policy that views school -

mathematics. largely in terms of its power to help identify and prepare :

students for positions in the labor force (Spring; 1976), and not in terms of

its other powers and VaIEEE. When the educationai syatem does not _appear to

of "managing” change in the schools and imposing top~down atruetural reorgan—

izations. But just as we may be learning some lessons in our large

corporations about how to imptove working conditions by givingfgoffersfa -

larger emotional and intellectual stake in their work, so we may need to learn

some similar lessgns for dealing with teachers and the conditions of their
work. - . R

N iroposaio for change in education come thick and fast these days, yet
there seems to be no independent or quasi-indegendent agency to analyze their
merit. An agency that is as. free as possible from shifting political winds_

and entrenched bureaucratic obstaclcs is needed to condict policy research in
education. In examining proposals to deal with current and future ahortages

of mathematics teachers, for example, such an agency would be able to enlist

the cooperation of teachers (those in training, those now teaching, those -

thinking of leaving, those who have left) in studying the problem, rather than

" relying on the secondhand views of experts and officials as voiced through

comnittee Beafiﬁgé, Eoﬁﬁiéﬁioﬁe& aaaéfa and confereaces: An agency insulated
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from the various vested interests in mathematics education; our own included,

could study the ﬁroposals in ‘the 1ight of their short- and long-term effects,

7’”; The emphasis in this discussion on the need to

change the circumstances and conditions of school mathematics teaching in the

United States today should in no way be interpreted as a denial of the

importance of improving salaries in the profession. We wish to underscore our
endorsement of attempts to raise those salaries to a level that will attract
Eﬁd kéép téléﬁtéd téichéri., Whéﬁ ﬁé Eﬁi thit hiéhéf BilériEE aré ﬁot

seriously, we do not mean to imply that higher salaries are unnecessary.

Whatever is done to retain or ‘retrain mathematics teachers, the long-term

solution to the crisis in mathematics teaching calls for a continuous supply

of young; talented people entering the field: We view the dramatic decline in
the number of entrants to mathematics teaching as a far more. serious problem
than any acceleration in the rate at which teachers are leaving. Teaching has

tiot been attracting enough capable young people. Lortie (1975, pp. 86-87)

reports that the majority of male beginning teachers have no intention of

staying in cldssroom teaching for their entire career and that the majority of

women beginning teachers expect to leave the classroom within 5 years, )
although most expect to refurn after raising children. "In some fields the
beginner may start at_a relatively low income but; with success move into a
series of significantly higher earning positions” (Lortie, 1975, p. 82). Siuch
positions differ in status, and sach occupations may be termed "staged.” As

Lortte observes, ciassroom teaching is notabiy unstaged" (p- 82)

glassroogftesghing more stggedgffg concept that had been prqpqseq recently is

that of "Certified Master Teacher”-—analbgous to Certified Public Accountant—
to be awarded to teachers who have passed a rigorous examination: Not only
are there policy implications of Such a move that require systematic study,
but ‘there are also opportunities for inquiry into the knowledge and skill
possessed by the most talented members of the profession, as well as the

levels of knowledge and skill deemed important by various constituencies, to

provide a foundation for the construction of comprehensive examinations.

Researchers might also examine s&stea&tiéslli various ﬁroérsﬁé,thét appear
to be attracting and retaining talented teachers of mathematics. What are_
factors that influence such teachers to enter and remain in the profession?
What factors influence them to leave? What role does the school

' administration--the principal, in particular--play in retention? What role do

a teacher's peers play in a decision to leave mathematics teaching?

E'ucation and Professional Develogment. Another issue éoﬁéérﬁiﬁé the

1on3-term health of mathematics teaching is the nature of the training that -
teschers receive. Soﬁe institutions are finding that, parsdoxicslly, adding a

than scares off bright students (Benderson, 1982). Apparently, such students

value a program that might offer them a higher level of preparation for

3
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teaching. The challenge to mathematics educators, then, is to design programs

that will offer a higher level of preparation: That challenge is accentuated
by the need to anticipate in those programs how computers will chanmge both the
‘content and the pedagogy of school mathematics.

____The preparation of teachers of mathematics requires a knowledge of both
mathematics and pedagogy, but few people have ever been satisfied with the
balance between the two or with the extent of either. The level of

preparation now is probably as high as it has ever been, but expectations have

risen and so the level is perceived as being lower than it should be. In
asking that the quality of preparation be improved, one shiould not make the

mistake of pitting subject matter against pedagogy; they "are inextricably
intertwined and should always be thought about that way. The highly polarized
argument that sets courses in teaching against courses in the disciplines is
overdone on both sides" (Howe, 1982, p. 28). :
_ Test score evidence indicates that; on the average, education as a college
ma jor does not attract students of higd academic ability. It is not clear
whether the relative deficit in academic ability is greater in mathematics
education thar in other fields of education. It would be helpful to have more
information on programs and activities that have been successful in recruiting

and preparing students who are strong in mathematical abilities and commitment

“to teaching. At a recent conference on teacher education, somecne suggested’
that education need not draw the most talented students, implying that such

students would quickly become disenchanted with school teaching. It that what
people want for ths pcofession?

. °__ In seeking to relieve a teacher shortage, policymakers and administrators
should not make the error of assuming that everyone currently teaching
mathematics should be retained there at all costs. On the contrary, one means

of demonstrating a seriousness about mathematics”;eachiﬁgt@a@ld7beft67fiﬁdf

mechanisms to assist the less competent and the uncommitted to leave teaching
for other pastures. One test of a profession's vitality is how it deals with
dead wood.

__The Mathematics Teacher As Curriculum Developer, Researcher, and
Mathematician. The professional life of mathematics teachers needs to become
more rewarding. Again, perhaps paradoxically,; that might. be done by expecting
teachers to do more~-not more paperwork or test administration; but expecting;

and assisting, the mathematics teacher to be a developer of curriculum, a

researcher; and a mathematician.

Earlier in our discussion, we addressed the prevailing mythology in the

United States that teachers are not viewed, and do not view themselves, as
curriculum developers. We were not contending that no teachers inm this
country are doing curriculum development work: We know of several instances

" in which they are; but we do. not know of any research on the extent and
effects of such activities. Teacher centers of various types offer a vehicle.
for curriculum development work, and one can envision summer institutes—-—
patterned perhaps after the National Science Fouiidation Institutes of two
decades ago--in which mathematics teachers would get training and assistance
in initiating the collaborative work needed to transform the ciirrent school

mathematics curriculum, .
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A special need 1s for curriculum material to accompany and Bupport the

growing presence of microcomputers in mathematics classrooms: If computers
are to be incorporated into mathematics instruction in more than a superficial
way, mathematics teachers will have to devise instructional material that they
themselves can use. .

Teachers also need to become collaborators inm research:

Research in mathematics education has increasingly been

_moving out into the classroom. This has been; in general,
a healthy move. It would be better, however,; if teachers
were working more closely with researchers in formulating

their problems and interpreting their findings and not

simply in helping them gather data. The teachers would

benefit; with respect. to both their professional attitudes

and their effectiveness; and so would the researchers.

(Kilpatrick, 1981, p. 27)
Just as iﬁﬁoitiﬁtf the teacher ieedé to be a mathematician:

distressing how many_ [teachers] say, "Of course, I am not

a mathematician.” It 1is surely not reasonable to teach

swimming and not be a swimmer, or a language and not be

able to speak it. Why then is it _reasonable to teach

p. 212)
Fletcher argues that the coming of the computer has;changed the

mathematics community so that it is no longer composed primarily of teachers

and that schoolteachers need to ‘be acquainted with how other mathematicians

today use nnthematics,, He cites programa in England in which teachera visit

brought--say, as a snmmer employment experience--into places where they can

see mathematics being used and use it themseives:

The Conditions of Hathematics Ieaching. Teaéher, curriculun developer,
researcher, mathematician-~how can one reasonably expect the already
overburdened and dispirited mathematics teacher to take on additional burdens

and responsibilities, professiouniiy chniignging though they might be? . The

answer is that one cannot as long as the conditions of mathematics teaching -
remain as they &te. That is what we mean by taking mathematics teaching ,
seriously. If omne does that, then one must,; above all, work to change the .
conditions and the circumstances of mathematics teaching today. s

124

¥ 1k

b
XY
|




1f society were_ to take seriously the job of teaching in
the lower schools and;, particularly,; if teachers were to
be ericouraged to inquire into the siibstatice of what they
are teaching, or into the ndature of stiidenits with whoi
they work, or into the learning process itself, it is

apparent that a teaching load of more than tWelve to

fifteen hours per week could not be condoned....As long as

we sanction teaching loads as burdensome as those which

ordinarily prevall; our ingenuous talk of ifmproving

instruction will retain a faint touch of insincerity. No

and main;gin a vigorousfpedagogical ggdfsubatan;;yg o
scholarship on a spare-time basis. (Schaefer, 1967, p. 61)

At least some assistance might be offered to the mathematics teacher by

providing aides to handle the routine management tasks that have come to

dominate much of the teacher's time. If the country had a national service

young people into teaching as a career.

. In the final analysis, people are attracted to and stay in teachifig
because of a vision they have of what teaching is and might be. Mathematics
teaching today has become something other than what it was a generation ago,

and it no longer looks inviting to enough talented people. All of us bear

some responsibility for having made mathematics teaching a less attractive

career than it used to be; and all of us need to work to change that situation:

~ )
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____DISCUSSION OF
MATHEMATICS EDUCATION

Antoine Garibaldi Associate Professor and
Chairman of the Department of Educationm,

Xavier University of Louisiana

o In Taking Mathematics Teaching Seriously,' Jeremy Kilpatrick and Jim
Wilson have carefully reviewed some of the complex issues surrounding the

more popular proposals for the solﬁtion of this problem. In addition, they

have given some special attention to_ the nature of the school mathematics

-curriculum and how this curriculum might be amended to meet the demands of

today's technological society.

my remarks chiefly to how we recruit more mathematics teachers and comment

briefly on the more popular suggestions for alleviating the shortage:.

Many believe that higher salaries might attract more mathematics and

science teachers to the teaching profession immediately. The thought 1s a
good one, to the extent that the mathematics _or science gradﬁate commands a

industry. But school systems cannot possibly compete withh the private

sector. Furthermore, differential pay schedules for certain segmegts of the

teaching population will encounter considerable resistance from ynions as well

as from teachers who are not certified in shortage areas but will have been

teaching for a much longer' time than most who are:

,,77Even assuming there are no major obstacles;to this proposél for .
differential p&?, hoﬁever, it ﬁoﬁld appéar prEféraBlé to focﬁs on an even more

.

Quality is critical to any profession, and the very idea of lowering

standards to fill shortages--or distributing additiomal resources and bemefits

to fiil the need--is totally unacceptable: The problem 1ies in the faulty

assumption that raising the salaries of mathematics and science teachers wiil

automatically provide a. cadre of talented teachers~—teachers as committed to. .
their students as the elementary teacher who has taught for 10 years and still

' makes a smaller salary than a eginning mathematics or science secondary
teaclier. N\ ?

If differential pay is provid:d\to mathematics or science teacherslfschool

systems will have to ensure that the individuals who take those jobs are fully

qualified and fully dedicated to their work. Schools will also have to be as

exacting as industry when it comes to quality, shortage or no; if they are to

exacting as industry when it comes to q

maig%ain the necessar& standards of teachinq\\mcellence.
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The issues of quality also bear on the proposal to award forgiveable

allowances to preservice mathematics and science teachers. School systems,

Federal and State departments of education; and colieges of education need ¢o

be sure that they are attracting highly qualified men and women because they

want to be teachers and not because of the financial benefits that will accrue.

Screening out individuals who are not well intentioned is very difficult,

as we all know; but mediocrity, I believe, will be the consequence if we do

not. We want and must insist on hizhly able and committed teachers; even at

the risk of allowing the shortage ¢o continue for a few more years.

It is my belief, too, that we should be wary of giving emergedncy

certificates in large numbers. For the sake of the mathematics and science

profession; the teaching profession, and also the students who are taught, the

iast thing we want is marginal teachers with no more than the fundamentais of

careers--not to mention a potentially rewarding career in teaching. Many
underprepared teachers ~may fly back to the classroom merely to meet emergency

certificate requirements, not so much to be excellent mathematics or science

teachers but merely to improve their financial situations:

o Aﬁ6thér comment; it seems. to me; is in order regarding some States which
,allow mathematics graduates who pass the National Teachers Examination (NTE)

to be certified to teach mathematics——or science. Having substantial training
in mnthematics and being able to pass the NTE does not mean that an individual

will be a good teacher. Some requirements should be established for these

individuals to take courses in the fundamentals of teaching, some observation
and participation in classrooms; and possibly even some student teaching. If

6ur intent is to eleyate a brbfeésion that is currently not taken seriously;

Finally, we cannot treat the prbblem of mathematics and science teacher

shortage in isolation: The &ntire teaching profession 1is affected by -

declining enrnllments: I think Jeremy's analogy—I call it the Indiana Jones

analogy; with the teacher in the bottom of the pit; and constantly being
pointed at, told what to do, and etill paid a marginal and meager salary—is
on target. And i1f I were to take that one step further, I would talk about
business and industry as being the "Raiders of the Lost Ark” who seem to e

sweeping up aill of the good mathematics and science teachers who are out there.

___ In 1909 36 percent of _college students were interested in teaching. In
1979 the figure had dropped to 10 percent. I think the figure now is some-
where between 3 to 5 percent. Between 1975 and 1977, the number of graduates
qualified to teach fell from 243,000 to 190,000--a drop of almost 22 percent.

And given we know that not all of the students who graduate in education elect

. to enter the teaghing profession; it appears we wiil need to produce an even
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Teacher education needs an image facelift which will have to be
accomplished by teachers, the general public, and the press as well.

likely to get a better system of edvcation, and ‘a teaching profession that

more young people will seriously consider as a career. .

As a final note; I would like to suggest ds an element of the solution the
creation of a Master of Arts in teaching for those mathematics or science
stﬁdeﬁts who ga thfoﬁgh the straight disciﬁliﬁe ﬁroéfaﬁ. It seems certain

science teachers. At the,same time,,l think that school systems will have to
be able to offer such students something worth working very hard at for the

Andrew Porter, Professor of Education and

Co-Director of the Institute for Research on Teachiug,

Michigan State University

I think Jeremy and Jim are right in their approach in the sense that the
teacher shortage really has to be viewed as just one piece of a much larger
concern for the quality of instruction in high school mathematics, and also a
conicern for the nufibers of people and the types of people who piursie advanced
mathematics. They cover an awful lot of ground, and that makes it easy for a
discussant. My remarks do not have to be comprehensive. But I want to

mention a few things that their paper triggered in my mind:

The first is one that Antoine touched on; too; and it may be a bit of a
taboo in research on teaching. I think that estimating the magnitude of the
teacher shortage on the one hand and thinking about the adequacy of proposed

understanding of the relationship between teacher knowledge of mathematics and
the quality of mathematics instruction that they provide.

I say this is a taboo because I think if there were good studies on the

matter, I would know them; or I would at least have heard about them; or at

least the people that I talked to in preparation for coming to this conference

would have known about them. But the area appears to be one that has not
received a lot of empirical study. So I guess I call for that kind of study,

but I do it with some reservations.

First of all l think the studies better be well done.f dtherwise you will

guarantee the result: There will not be any relationship between teacher

knowledge of mathematics and the quality of the mathematics instruction that

they provide. I cannot believe that. That is an impossibility. So I am mot

really asking whether there is any reiationship, but trying to see if through

some empirical studies we can get 2 better handle on what the consequences are

of dropping some of'the certification requirements; for example.
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Another thing I would like to mention is that most of the certification

requirements are stated in terms of courses completed in higher education; and
1 am not sure we have a good understanding of what the influence of those
courses is on the amount of mathematics knowledge that the students have. So
I guess I am also calling for research on the adequacies of stating teacher

certification standards in terms of coursework as .opposed to some other way of

demonstrating mathematics knowledge.

_ Also; it is my understanding that most of the certification is general.
You are either certified or not certified to teach mathematics, and yet there
are a lot of different kinds of mathematics that can be taught in high
school. I wonder if there are places in the country that have experimented
with the notion of certification for particular subareas of mathematics and

what their experlence would suggest about a more widespread practice of this
type. It may even be that if there were certification for subareas of
mathematics; that would ease some of the burden of a shortage, since, though I
am not certain of it; I would think that training to become all things in

mathematics would be more demanding than becoming competent in some apecialty.

___In addition to synthesizing and expanding research on relationships among
teacher knowledge of mathematics, pedagogy, and the quality of mathematics
instruction, the shortage of mathematics teachers might be better understood

through comparative research across countries, occupations, and subject matter

areas. One might ask; for example; if there are similar shortages of -
mathematics teachers in other industrialized countrics; the ﬁﬁiféa Kingdom for
example., And if there are, are the apparent reasons for the shortages .
comparable to those in the United States? And what, if anything, is being .

attempted to remedy them? Also, are there industrialized countries which do
not have a shortage? Perhaps Japan. And if there are such countries, how

might their situation shed light on the causes and prospective solutions of
the United States' problem. : . .

Taking another tack, to what extent are other occupations requirirg people

with mathematics knowledge experiencing a shortage of trained personnel? To:
the extent that the degree of shortage varies across occupations needing
similarly trained people; it may be possible to devise better remedies for the
teacher shortage based on such information. What characteristl§s, for

example, typify occupations with adequate supplies of mathematically trained
people? 7

mathematics teaching that make it less attractive than teaching other subject

matter areas? If so; what are they?

Looking at other subject"Batter aress, are there things about high school

2

While there is a shortage of teachers for mathematics and a handful ,of

other areas, there are in general more than enough teachers. What explains
the profile of shortages:and surpluses across teaching areas? For example,
* Jeremy and Jim cite the women's movement as a possible partial explamation of

the mathematics teacher shortage and point out that the percent of prospective
secondary mathematics teachers who are women has dropped in their university
from 80 to 50 percent since 1970. But 1is this a differentjial effect on
mathematics? And, if so, why? ’
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According to a recent NSF report; 68 percent of high school mathematics

teachers are male. While the number of people preparing to teach mathematics
has dropped dramatically in the past_decade, the decline in numbers has. been
less dramatic for women. In fact; n&fionally the percentage of women
completing training has risen from 53 to 59 percent since 1972 <

___ _Other data from that same NSF report portray mathematics teAching in a
relatively positive light. Mathematics is identified by the public as a

subject most essential for all high school students. We have heard that. -

before todaf. Mathematics teachers report féwer problems in support of their
teaching than do teachers of either social studies or science. The percentage .
of high school teachers whose primary assignment 1s mathematics has actually

risen from 11 to 18 percent since 1961. At least these limited data do not --

support the view that the teaching of mathematics is uniquely unattractive by -
comparison to other subjects. : - ‘ o,
~_ Jeremy and Jim call for society and the educational community to- take the
teaching of mathematics seriously, but to what extent is the teaching of :
mathematics taken less seriously than the teaching of any other subject? A .

more careful look at this possibility seems in order.

I will skip comments on the notion of reising teachers' salaries except
to say that I think that would be wonderful. If it can only be done for

mathematics teachers, so be it; but if you could do it for all the teachers,
that would be even better. ] - : : -

~_ Under the rubric of curriculum reform, however, the shortage of high ' .
school mathematics teachers is only one piece of a larger problem: The -
quality of mathematics instruction using existing teachers, and the numbers

and types of students who take adVanced mathematics, are two other related
pieces. Improving the quality of high school mathematics instruction and .
increasing the numbers of students taking mathematics, especially minorities

and women; would benefit society generally and might ultimately solve the -

teacher shortage problem outright;

Jeremy and Jim Focused on solutions at Eggfﬁ;gﬁi§§§§§; level, giving
considerable attention to curriculum refdrm and to teacher training and

recruitment. Their discussion raises a host of interesting research questions.
For example, they advocate curriculii reform using the ﬁCTﬁ,;A§é§§§ for.

iéf}éﬁjf@é the 1980's, which emphasizes problemsolving and applications. I
think this 1s an excellent document, and I highly recommend it. But it is a

national agenda, and Jeremy and Jim state that, ome, the school board should
have ultimate responsibility for the curriculum; two, the arena for action is
in the classroom; and three, teachers should have greater autonomy and be more
involved in curriculum development;
: , & S : I
These statements suggest a certain ambivalence about the determinants of

school curriculum, an ambivalence which is undoubtedly based on past )
experience with mathematics reform. They lead me to ask what the factors are-
that influence high school mathematics teachers®' content decisions? As a .
member of a team of researchers at the Institute for Research on Teaching at
e mmat - ! 1
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w Hichigan State, I have-been asking sinilar questions, but for elementary

school teachers. For us, cortent decisions include decisions about how much

time to spend on mathematics, what topics to- teach, to w§at students, and to

what standards of achievement.

mathematics content can have a smarked<influence on what 1s taught. We.'
consider such school policies a¥ testing, cufticulum objectives, grouping and

. promotion practices, textbook adoptions, and professional development.

In 1uaging the strength ‘of a policy, we draw on sociological theory.

nThus, we’ consider the use of rewards and sanctions to give a policy power and
attempts to make a policy.authoritative through the use of norms, legal

office, expertise, and support of charismatic leadets.

Across seversl stndies, we find elementary school teachers reluctant to

take the. responsibility for making mathematics content decisions. . -
Nevertheless; thiey are more often than not forced to make these decisions,
el ther because of a lack of authoritative advice from the school hierarchy, or .

because of &onflicting school -policies that demand resolution at the classroom

level. These findings have caused us to cast the elementary school teacher as

a political broker in deciding the content of instruction, sensitive to the

messages of content received but operating from their own conceptions of what

is appropriate for their students. |

<

Put another way, oun:research brings inito question the claims of teacher

autonomy made "by the second-grade teacher quoted by Jeremy. Elementary school
»~ teachers do not Seem to want total autonomy in deciding ‘what matliematics to

teach. They, -ny,.however, value autonomy more highly in aeciding on the

strategies they will use in delivering that content.
Similar research for hish scliool mathematics would seem useful, although

our -results are clearly not directly transferable. For example, high school
students have greater control over what subjects they will study:. At the

elemeitary level, these decisions are 1argely determined by the teacher..

Also, high school teachers are for the most part subject matter, specialists,

while elementary school teachers are not. These and other factors may make -
high aéﬁaai teachers feel more stronsly about controlling the curriculum.

While Jéreny and Jim's paper covers a weslth,of issues in curriculum o

reform and teacher training, two areas that-deserve further attention; at

least at this conference, are the possible contributions of advances in

cognitive science to improvement of mathematics. instruction and the =

appropriate use of technology in the teaching of mathematics. actually, that

got a little bit more attention in the presentation than it did in the paper,
which is: appropriste.

1

But let me taik about cognittve science just for a second Advances in
cognitive science are providing new insights into the nature of student
learning and thinking. For example, in both mathematics and science, it has

been found that students hold misconceptions about bsstc concepts thet stand
iéi
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in the way of their learning. Unforty ately, at least in the case of

elementary school, the students’ misconceptions are _all too frequently shared

by the téachers. When these conceptions are jdentified and directly

chailenged however, student learning has been greatly enhanced.

1 think there has been this sciism between people vho study student

learning on the one hand and peopfe who worry about research on teaching on

the other. I do believe we have got to take a look at the advances in

cognitive science .and in. thinking about training teachers in research on
teaching. S

Finally, one possibility that concerns me is that the problems of high

school mathematics may have their ofigins in the elementary schools. During
the first 8 years of school, all students 'study at least the mathematics that

their teachers deem appropriate for them.: From ou? research with elementary

school teachers, we have discovered a great deal of variance in what students

study within the same classroom and certainly from classroom to classroom.

_ For far ‘too many, students, however, too little of what is emphasiie&

structures that Operate to guide minorities and women away from mathematics.

During their elementary grades, student attitudes toﬁard mathematics )

steadily decline. Still, mathematics is the sjingle most popular subject for

both 9- and 13-year-olds. And, in-fact, mimority students have a more

positive attitude toward nathematics tham do white ‘students. However, it is
open to question whether these attitudes extend beyond mere arithmetic to

By the end of eighth grad Sy students with' their parents and their teachers
make a decision as to whether they will go on to take advanced mathematics. - —_—
This single decision will stay with them for probably the resi: of their lives,
with implications for, the types of colleges thez can attend, the college

majors available to them, and ultimateiy the careers that they can pursue.

Cilearly it is .im large part the student's achievements and attitudes from”

elementary school mathematics upon which these decisions are based. 7

~ Even more pronounced differences exist between college—bound majoritiland

take advanced mathematics.

Thus when looking at the high schools, one might also agk about

mathematics in the elementary schools. And here the problems are iffgngthing

more difficulit: The teachers are not -srathematics specialists. - As Jeremy and

Jim hint in their paper, the shortage of qualified mathematics teachers in the

elementary schooils may Be much more profound than the visible shortage in high -
schools.



Jack Easley; Professor of Teacher Education

University of Illinois, Hrﬁana-ehampaign

"t

I just want to eay that I really enjoyed: studying two drafts of the paper

by Jeremy and Jim, and I will go back and study the last one some more nmow. I

am trying to arrive at an eetimate of how much I agree with ic and how much I
disagree with it.; ' St

-

It reminds me of a conference some time ago, about 10. years ago, in which

?iaget was one. of the central figures, and a colleague of mine remarked to

Piaget, rather‘obstreperousiy perhaps, "The structures that you are studying,

Professor Piaget, really account for less than 10 percent of the field of
- human cognition. ) ; :

And Plaget, ﬁitﬁ ééﬁé“ﬁﬁsrigé; éaid " "How do you céﬁputé that pércéntagéi;

But the- neitﬁﬁii fiiéet'said in- his speech, "Of conrse, the structures

which I am sea&;&ag account. for less than 10 percent of 'the field of hunxn

" .. cognition"-—with a- straightjface.,f .

So I don't know how §6u;compute that..qun

It reminds me niso thet I an’ feeitng very reminiscent because I met Jin

" and Jeremy when they were working for SMSG and. 1 was working for USCIM. And

these two mathematics programs conmsidered each other: friendly rivals: I

remember a meeting in which Ed Begle“and Max Beaverman squared off in
different corners of the room and went after each other.

George Poleo was at that neeting, and he got up afterward and said in an

equally enignettc way, "Max, I agrees with 95 percent of what you're saying.

‘"'Jim about 95 percent. That is the laet quantitative thing I am soing to say.

I would like to tell you a few anecdotes which highlight the area where .

there might be some disagreement and parhaps even an area that hasn't really’

‘been touched on or explored yet whicn we might have some agreement about.

'I do think that they are right that taking mathematics teaching serioualy,
or the failure to do that--the devaluation of mathematics teaching, and I
would add the- devaluation of mathematics thinking by students, the notion that

mathematics has to be taught to students and camnnot be reinvented by them

’themselves--that is one of the problems; one of the myths, if you like, that

. Another myth I think we need to reconsider is that we can be happy with
the curriculum that has been developed out.of NSF projects, for example. I

think a ‘1i1ttle in the way of mathematical criticism may be needed, but there

may also need to be some social questions asked about whether society-hschool

‘boards, teachers, parents; and so forth--wouldn't prefer for theilr own reasons

and to exercise their own prerogatives to have a somewhat different curriculum.
than that.
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. Another myth I want to touch on a little bit is the roie of teacher

knowledge in teaching. To what extent is it essential that the teacher know
the subject that is being studied by the students at the moment? o

LY

I would like to begin with a very brief account of something that Amy -

Grebe, one of our graduate students at Illinois, and I did. We did this work

growing out of some videotapes which had been collected some years ago out of

an NIE project. We reexamined the tapes, and we discovered an interesting

phenomenon, that in kindergarten and in second grade, where we began the

study; we could find in most classrooms—-certainly the ones that we sampled,

and later in other classrooms--that there were individual pupils who were

operating quite independently of the teacher in thinking through things

mathematically. .They could be called mathématical mavericks:. And the
interesting and puzzling and disturbing thing about that -1s that all of them
were white; middle-class male children. 5o we called them the pale male

ﬁathéﬁétiCQ mavericks. . -

>

to look at what happens to children in primary grades who do some independent

thinking about mathematics, for example, who figure out how to subtract

starting on the left instead of the right the way the teacher tells them, or

whatever. That is a cilassic.

éxplain to us that,they were convinced that the most creative work in _
méthemétics by studénts later on in elementary school came from those _who had

“subtract, and so forth--and that they knew it was expected by National social

' mandate from above interpret it and dpply it as they see it, looking up from :

~

and local mores that minorities and girls in particular would have to be given

some help and brought up to standard, to minimal competency. But if there 1is

a boy who is outside of those targeted groups, and he seems to be doing ail

right, well;.everybody knows he will be all right so\we just let him go; and
he may become an inventor or ‘'something.

. . So the white middle—class boys who took that approach seemed,tQ get away:
ﬁithoutfthe requirement of minimal competency on mathematical skills defined
as rigid procedures which had to be memorized and carried otut.

That, you see, illustrates the point that teachers trying to carry out a

the bottom of the pit; and they may in fact be undermining the intent for

which these mandates for equaiity of educational opportunity were created. _

It also arises because of their own view of mathematics as something that
himself or hersEIf. And I would certainly second the various remarks that
have been made about trying to help teachers understand that.

The next anecdote I would like to tell concerns a trip that _my wife and 1
made to Japan. My wife speaks Japanese; I don't. But sitting together with

her for 4 months in a Japanese elementary schooi I was able t6 learn a lot~—-
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both of us Iearned a 1qt. This was & very fortunate location that we found.

It was a kind of inner-city school in Tokyo: The children's parents were

either shopkeepers or temporary employees. I don't think any of them had

theee famoua tenured poeitions with Sony or Toyota. Some 60 or 70 percent of

There were 40 pupiis per class. Bat the school climate was euperb.f The

teachers and the students had regular breaks, 10-minute breaks, 20-minute

breaks, five or six breaks during the day, when everybody is let out and each

can_go. and do what he wante. Teacﬁere 8o get a cup of tea or.coffee; and the

reaponeibilities for other children go check up on_those; and so forth“kind
of a lovely -spirit, like eummer camp, was the feeling we got.

What -did they do in mathematica classes? The teachers gave these chtldren

~ challenging, difficult probiems ‘to. work om. My wife, Elizabeth, and I invited

'it for us, and: they all said to the teacher, ”Why don't you give them more
.Help with these problems? Look, they struggled for a half-hour to try to
figure how in the world you would use a ‘protractor which only measures up to
180 degrees to measure an angle which is larger than 180 degrees, and you

didn't tell them about the’ dynamic concept of an angie that gets bigger and

bigger and Eigger. Why didn't you just show it to them or use a Japanese fan?"

The teacher said, "That would make it too easy for them. We want
something for them to struggle with because they need to learn to reglly try

hard and persist, and that is more important than actuxiiy seeing that

everybody gets the idea, because tomorrow we are going to do something
different.” “

X =«

Indéea, they did chinge. They went very alowly and gave lote of time and
eficouragement and let children teach each other. Forty children in a class
meant four to seven children in a group. And in a group they worked. These

are heterogeneous groups. There s a bright child in every ome. .

teacher never gave them very much in the way of mathematical instruction. o
Instead, the teachers taught the children how to behnve, how to participate in

a group discussion, how to share ideas and listen as well as speak;, how not to

dominate the discussion, how to take turns—all of these things: The teachers
were excellent masters of ceremonies._ In teaching these mathematics classes,
they used very little of 'their knowledge, whatever knowledge they might have,
of mathematics. They almost seemed, like the teacher I described, to hold it

back and keep it awdy from the children and 1st the children struggie with it

themselves. Testwise, these children were clearly way above levels of

American schoois we are familiar with. <

1 juét want to tell you 6ne iore anecdote.
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Coming back after this kind of experience, Elizabeth andfl and some

graduate students decided we should approach American tedchers. And we found

12 teachers in Illinois who agreed that in primary school they had some =

problems in teaching mathematics and they sould like to have some heip. So we

said, "All right, we will help you with your problems: And we have just had a

lot of interesting ideas from Japan and other places; and we will try to bring
these to_ you as resources which you can use or not use according to the way

you see ie.” ;

one teacher's experience. They were all different.

' This teacher said, "Ome of my big problems is that I've been tea§hi§g7;

third grade f-r 10 years in inner-city schools in Chicago, ani I have never
had a class of third graders who came up to grade level on the problemsolving

part of the standardized test. I can get them up to grade level on

computation and concepts, but not on problemsolving.”

So we said, "Well, lets look at that.”

So we looked at some previous tests, and we looked at the textbook, and we

noticed that the textbook story problems are all at the ends of the sections

tlat deal with computations: So they are a chance to apply--this is what

A

But on the standardized,tests,you have a mixture. They are not all the
same _kinds of skills grouped together; so you cannot say; "Now_this is a
multiplication section, so I'm going to multiply all of these.” In that case,
you see, you wouldn't need to read the problem. You just find the numbers and -
multiply them. The children knew that very well, and that is what they were
doing in this teacher's classroom.

As soon as she saw that, she said, “Oh, I see the problem: It never

davned on me before:. What can I do about {t?”
We éaid "Let 8 make some new problems.

go we got problems from Japan and problems we sort of revised from
standardized tests and other kinds of problems, and we just kept feeding this
teacher challenging problems. When we gave her problems that required

division and they hadn't studied division yet, she said, "We can’' t use this.”

v
\

I said, "Go ahead; try it: See what they do with it:”

And they did fine. They said they multiplied, but they got the right

answer.

She learned one other important thing, that her planning usually called
for doing about 8 or 10 or 12 story problems in a period, but if you let them
discuss them, you'll only get one or two done because the children will have

all kinds of ideas that you never dreamed of: 4And if you really allow that

discussion and allow them to teach each other and criticize each other, then

IN

something wiil happen:
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She said, "I see that's a good idea because that's what they meed to be

dolng when they are taking the standardized tests: They need to be discussing
it théﬁéél@éé eilently and thinkins._ 'What is this about? Why should I

In short, it seems to me that sometimes, particularly in theee areas of

the primary Eéﬁooi curriculum, what is needed is not so much subject-matter

competence as some new insights about the way children can learn wmathematics,

can study mathematics themselves; and that this does not require a radtical "
+ change in the curriculum because we can still use story problems; we can still

use algorithms. Turning it around a little the other way, the Japanese

children invented their own algorithms. Instead of memorizing an algorithm in

order to apply it; they tackled story problems and then invented the

algorithms to do thenm: ¢

I would offer that, for whatever it is worth a great deal can be

accompitshed by turning things around within the curriculum that exists.

OPEN DISEUSSION

DR. SHULMAN: The kind of instruction that I hear Jack Easley calling for

in the teaching of mathematics seems very diliferent, at least at firat bliish,

from the kind of direct instruction or active teaching that the literature of

research on teaching seems to be calling for: And Tom Good has written many

such studies arguing that direct instruction is the way mathematics ought to

be taught, not the way you are suggesting. Do you two want to fight about_

that, or does someone want to comment on why they ought to or ought not to? I

think this is a fundamental question about how mathematics ought to-be taught

and is potentially not a trivial disagreement.

: DR. RILPATRICK: I think this ié,ﬁroﬁiﬁli the ﬁéi curriculum issue in
mathéﬁatica education. Thé January issue of the Jourdal for Research in

e R o

argues that you must have automaticity of ekille before you can proceed

further in uﬁderstanding mathematics.

of mathematics educatore, illustrating anew the kind of a split in
perspectivés that exists within the profession between those people who feel—-
and I think many classroom teachers are gmonig this number-that ‘you must have

the automatic response before you can go further and those who do not. It is

one of the reasons our curriculum looks the way it does:

But I think there 18 a large cedre of people who would be more eympathetic.
with the point of view expressed by Jack. .

DR. SHULMAN: At the risk of putting you on the spot; Tom Good, is . there a

necessary contradiction between-the work that ~you and Doug Grouws, among

others; have been doing on the need for much more highly structured active
teachiug, ae you call it, and the kind of teachins that Jack ia propoeing, and
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DR. GOOD (Thomas Good Univérsity of Missouri): I think the contradiction
is more apparent than real when you get into the dynamics. For example, I
would mever argue that the role of the teacher would be to do the information
processing or thinking for a student. I think that the processes that Jack

was describing are the sorts of things you can get either throigh an inductive

or a deductive approach, whether it's led . by student discussion or through a

teacher, depending upon the quaiity of those particular pieces.

through high expectatians, can create a sense of curiosity and interest that
helps students to raise questions. What are the phenomena that I am examining?

I think the search for patterns and solutions and the view of mathematics

as discovery and a system of looking and thinking about phenomena can be

taught, as well as be learned through discovery and other exercises.

I could go on and on. Bdut in my view; the active teaching concept is not

simply a statement of how mathematics ought to be taught. It reflects

their behavior.

I think a key element of that differentiation between teachers who are
getting achievement gains and those who are not is the abi.ity to focus upon
meaningful conceptualization. We find_~for example, that teachers who are

getting achievement gains spend much more time on development, talking about

ideas; doing mental computation; doing estimates; and doing verbal

problemsolving; than teachers who do not get achifevement gains.

Whether these things are occuring in student-led groups or because of a
teacler in a classroom is basically irrelevant. I think that what is )
important in helping kids develop more significant, fuller conceptualization

progress 1s monitored and reacted to ultimately, partihularly if
misgconceptions occur.

DR. EASLEY: I think I Goﬁid agree with that 95 percent.

described. But they are capable of doing it the way I described. And if that
means that the more able students in the class are actually doing the
tedching, so be 1it. ’

I could give you anecdotes which convince me that this approach needs to

be iooked at. It is something that has not been tried emough to show up in

the stndies of correlations that have been worked out.

i DR. GOOD' A quick ﬁuestion.; I really do npot want to get into a polemical
discussion because I am not really trying to advocate looking at teachers as
being the only source of information in the classroom and the way to go,

_although I think they are an iﬁﬁ@rtiﬁt source. -
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The question that I would raise is basically: when we have students

teaching other students, is it not problematic ir terms of the motivation, the

seriousness; and the interest with which they will piay those roles? I thiik

to be able to articulate a positive learning environment will take axn
incredible type of teacher who has the skill to communicate beiliefs; norms,
and preferences that support this type of leariiing.

_ T would gather that in 3apan there 1s a great deal of support from parents

and society for the idea that mathematical learning 1is important, and it is

expected the kids should participate fully in that: E

exist. I would argue that one thiﬁg we need to consider carefully 1s the iack

ofﬁsocietai support and interest making it very much more problematic in our

society to have that sort of active inquiry among students.

DR. EASLEY: I would say we learned a iot from the school inm Japan. We

observed and wrote up over a hundred mathematics lessons in that elementary

school. We learned a lot about the things that teachers did to overcome these

problems. They did exist, but they kept them to a very bare minimum by such

clever devices as, for exampie, taking a general poll of the whole class when

you have had reports from all the groups on what they have decided to do about

this problem; and there is a lot of difference: Then, if you discover that

the poll does not add up to the number of children present;, you seek out the
nonvoting children and find out why they did not vote. The teacher has to be
very alert for the psychic dropouts, as Marshall McLuhan called them.

DR: AUSTIN: My name is Gwendolyn Austin and I'm with the Department of

Education:. I have two issues I would 1i§e to address because I notice on the

program we have quite a few colleges of education; departments; and so forth;
represented

One of the concerns that I have is the lack of articuiation in many

institutions of higher education between the colleges and departments of

education and the other disciplines. For exsmple; the chemistry department;
or the physics department. Private industry will actively go down to these
departments and woo the graduates into their employment. What efforts have

been made by your colleges of education to go down there and meet with those

chemistry and physics ma jors and so forth to try to get,them into the teaching

profession, and perhaps following up on the second speaker's concept of a MAT

or fifth-&ear program in those disciplines?

of education and your_ local education agencies have 3otten on tﬁe Sanaﬁigbn
and are training teachers and students in computer literacy. How many of your

colleges of teacher education; not your business schools; are providing future

teacnsrs with training to keep pace with this trend?

.Those are the two issues,that I am concerned about.

142

w\

]
[
M
w



‘

DR. WILSON. For the last 9 years, as part of the training of every

computing. Some of them are now taking three courses; a three—course sequence

in instructional computing, and some are taking a course in programming in the
statistics department on top of that. So there is donsiderable work being

done in the area.

?

Fifteen years ago when I went to the University of Georgia, and 14 years

ago when I took over as department head; we had a very good dlalogue going

with the mathematics department: In fact, that has been a very productive

interchange. We are not on their staff; they are not on our staff.

~ We teach 10 courses a year over there—-"we" being the mathematicé
education faculty——and they do things in our department. . They teach courses
in our department occasionally, not as_often as we teach in theirs. They are
on our committees. We serve on some of their committees. As I have said; a

very prnductive interchange.f If there is anything to be"said of our - .
interaction with industry, it is that we have got too many of them coming in .

and hiring mathematics education graduates immediately,

last week 6n a Thursday, and on Monday she started work for Southerm Bell.

It's happening at_all levels and for all degrees. They are looking at us

we had, for example, a very good student defend her doctoral dissertation

Wpersonal skills built iuto this.

~
«

Let me say ‘also--in fact, I would make a flat statement——it is not the

.

responsibility of mathematics teachers _alone to deal with computer literacy,

if at all. We want to deal with the use of the computers in teaching
mathematics;

_ _In the education of. prospective secondaty teachers; we expect them to deal
with a faculty member through at least one course on the pFoblems of
mathematics curriculum. I'm not entirely happy with that;, but it i8 a
curriculum experience as a part of their training. e

We also have a course on mathematics methods,which is field—based. By the
time they get out of that course, they know what a school classroom looks‘

like. And the faculty members like Kilpatrick who teach that course -alsoc know

what a school looks like, because they go out there and work in it.
These are components of what I think is important in a program.:

. DR. ALDRIDGE: As I have heard all the comments this afternoon; most of
them have been directed toward the teacher or the student, and it seems to me
‘that Joe Schwab may have been right about the corruption of education by _
p8ycliology. Certainly we want to have good people, and the training of those
people as individuals is\very, very important. But the fact of the matter is
- schooling is a kind of a aociolngical phenomenon, and I think when Dr. Porter

T' mentioned he was using some socioiogicai variabies, it buoyed me a little bit.

14

t

®r
00
.

N



But I'm still wondering about the degree to which; in all of these
questions that are being raised, we are considering the notion of the school
ds a unit that needs to be. thought of as the setting. If curriculum 18 going
to improve, if mathematica is going to improve, if thase teachers are going to

become involved, then certainly we need to be dealing with .the school as the
Unit. o ]

DR. KILPATRICK: Along with everything else; we tried to address that
.concern in our paper. We did discuss it. In particular; we were interested
in some of the recent work on principals as imstructional leaders and how_
principals might get curriculum developieiit work going with other kinds of
teacher dactivities. ‘

But we are concerned with the school as a setting because obviously it's -

the conditions -f teaching in that school that are going to impinge heavily
- upon the teacher 8 decision whether to stay in teaching or to leave.

DR. WILSON: I'il make it brief.f It connects with the Secretary's remarks
this mornins about the certifieo master teacher, and this i1s andlogous to the

CPA. 1It's one that several of us have talked about inm mathematics education.

How do we provide a mechaiism for removing or allowing people to exit from the

profession who should be removed or allowed to leave? I think that goes along
with any long-term consideration of imptoving‘the profession.

One other thiﬁg ‘When Betty talked this morning with dismay of the charts

which showed the opportunities for studying science and mathematics are 1ower

now than theéy have been in the past; her comment was--I think it was
inadvertent-=" ...where will our scientists and engiueers come from?"

~ and my thought was, "Where will our science and mathematics teachers come
from?" < - '

"\ BR. SHULMAN: et me conclude with a couple of comments. First of all, a
féﬁiﬁaef. Without knowing it‘ all of you Were newamakers todai, aﬁd thit

today,,bu we will watch that and think of how much better they could have
done 1if théx\:ad been here to hear what we had to say.

e

Tomorrow we are going to make a transition from a concern with where we

' are going to d people to teach, and what do we know about the teaching of.

science and mathematics-—the two major topics addressed,today-—to questions of_
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. In general I think much of our earlier discussion has been d~minated by a

metaphor, if you will, of teaching as telling, and that somehow tie more you

have to tell; the more you will be able to teach, and therefore the more kids
will be able to learn. ‘ ; .

_ In the outstanding work that both have done, though they may not agree on
the particulars of teaching, I think that neither Tom Good nor Jack Easley

- would view teaching as lots of teilling; and better teaching as more telling.

I think you have to conjure up what I might call the prototypical episode

or encounter in a mathematics or science classroom: A teacher tells or
demonstrates or explains something to a classroom full of kids. The telling
goes on for a little while; the blackboard 15 used; perhaps some models are
used. Maybe the kids play with some manipulatives.  Then the teacher proceeds
to ask a question which ought to be answerable by a kid who understands what

he has just been told.

_ If the teacher-is very iucky, she gets a right answer. If she is

moderately lucky; she gets a wrong answer: And if she 1s as lucky as most of

- us are; she gets, "I don't know: I really don't know;"

 Now she 18 confronted with a dilemma. What do you do next? What doesn't
the kid know? What isn't understood?

Drawing upon the six courses past calculus that she has taken, she says,

"Sure you do. Try." And the kid is adamant and says, "I don't know."

Finally, in some desperation, she turns to another child who reliably does

know. She responds and they move on.

I am afraid that a lot of what goes on in classrooms has that character:

And what I want you to be thinking about 1s: What are the things that have to
be in the heads of teachers, in addition to profound mathematical under-
standing, and in addition to general principles of classroom management and -
planning, that will make it possible for them to understand .what it is that
those children do not understand and have a set of options available that go
beyond telling them the same thing over again, usually in a louder volce, the

-

way we tend to try to get through to somebody who does not speak our language

"when we are in a forelgn country. : v .

This is a difficult question; but I think it may get to the heart of what
we mean by improved education of teachers in mathematics and science: It may,
if we keep that kind of image in our minds; help us go beyond recommendations
that simply call for more mathematics and science for mathematics and science

- teachers, : :

A second thing I would ask you to think about--and it is related--has to

do with a panel which is at the moment touring the country for the Association

of American Medical Colleges. It is attempting to gather data as a basis for

reformulating the medical. curriculum in this country. Their preliminary
ré§6ft suggests that the problem with the medical curriculum is that medical
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students are taught tod much of the wrong stuff and uothing of the stuff they

need to practice medicine intelligently and hﬂmanely. The revolutionary

chgracter of this panel thus far is that they are not employing the t; al

curricular repair strategy; which is; "What do we have to add to the
preparation curriculum to make it better?”

L I am optimistic about their stratng; and 80 I recommend it for your
thinking for tomorrow as well--not simply, "what do we have to add to the ]

curriculum for teachers in order to make 1: better?”, but, "How might we think

through a_reformation of that curriculum in’ 1ight of these prototypicai
notions of what teaching is like?™ :

That would begin to sclve some of the problems we have been addressing.
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SESSION V

TEACHER E7UGATIGN CURRENT GGNBITIGNS-

PREPARATION‘GF TEACHERS: MYTHS AND REALITIES

Anne Flowexa, Dean; School of Edncation,
Georgia Southern College,
.. and
Preaident—Elect, Th _American Association of Collegea

for Eﬁacher Education ) .;

N |

During the past several montha,

journal to find some reference to the growlng need fo!

one had only to p ck ‘up a newapaper or
more and better science

and mathematics instruction in our schools: The situation today is mot unlike

that we experienced some 25 years ago when we raced with the Soviet Union in
attempts to explore spac<. The major difference is hat we .are facing a
crisis that to a great extent results from our Natio; ”””””””

can be inaorporated into the curriculum of our Nation 8 achoola.i Thia
phenomenon presents challenges for school systems for a scientific and

mathematical literacy far different from the demands of previous years:. Im _
the wonderland in which we live, we find ourselves very much like Alice in her

Wonderland fuﬁﬁiﬁé just to stay in the aame place. And as we have for every -

our. educational ayatem for a major initiative in seeking resolution to the
problem. .

The ahortagé of qualified mathenatica and acience teache is identified
by leaders in the edtication and Business communities and by l al, State, and
Federal governing bodiea as a critical problem and a national concern. The
problem is even more serious than many regli;e:;7§hatigog;rgntgfg§7ia not

merely an undersupply,of techmologically proficient and knowledgeable\¥77 .

teachers; .but a dwindling supply of qualified teachers that is compounded by

the ESEEEEE of incentives to attract young people to the teaching profe fon.

L A aolution to_ the teacher aupplyrdemand imbalance or nathenatica and _
science will not be found without facing the broader”problems challenging the

schools, the profeasion, and teacher education. Relying on an issue-specific
panacea, ignoring the complexities and interrelationships of education in this
country, will only serve to mask serious underlying problems that cry for -

resolution: Without a doubt, it is time to dispel the myths and to identify

and disduss the realities of our educational system: Then;. and oniy then; can

we move to enact appropriate reforms. . :
The dilemma we face has developed over a perlod of years. It 555'5635 )
nourished by apathy; disinterest; and neglect by Government; schools;: colleges
and universities, the military, and our _citizenry. ' The price we are paying is
the failiure to maintain general acientific and mathematical litcracy anong the
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population at large. It 1is time to face the issue squarely, to rethink our

priorities; and to reconceptuaiize our practices. It is time to change and

for change. And I, for one; applaud the National Institute of Education for
providing a forum for our deliberations.

THE MYTHS AND THE REALITIES

4

The theme of this conference is "Teacher Shortage in Science and

ﬁithematica. Myths; Realities; and Research:"” In addressing that themelfi

would like to frame my remarks around eight myths commonly assocfated with

- teacher education, while realizing that in each myth; there is some reality
and that in each reality, there is some myth.

°
-

,iealitz No other Nation serves so large or varied a student popuiation

Myth: The Schooia are Failing . | . .
- a

as does this country; with more young people ‘attending schoolj; graduatins from
high school, and matriculating to poatsecondary inatitutiona. ‘

Lawrence Cremin (Note 1) calla the folloﬁins figurea extraordinary :

statistics:” 96 percent of our l6-year-olds, 90 percent of our l7-year-olds

{the year after compulsory school attendance ends); and 83 percent of our 18w

year—-olds are in school. Eighty percent of our youth graduate from high
school, and 65 to 70 percent go on to some sort of postsecondary education..
In Cremin's view, although these remarkable numbers are taxing ;our_ methods;
approachea, goals, finanéial resourcee,,and “confidence in our ability to
conduct a universal school system,” we are providing a rcmarkably sucéessful

education program.}

Parallel to these "extraordinary” nunbers, the schools have provided

access for all young people in the society regardless of race, sex, or social
ciass: During the 1970's the proportion of high school graduates among the

black: 18~ to 24~year-old population increased from 60 to 70 percent; while for

the first time; total enrollment of females in higher education grew faster
than that of males (Dearman and Pliski, 1982; p. 130; 133). Women in increas—
ing numbers attended schools of law, business, dentistry, and medicipe. For
the first tiﬁe, last fall's enrollment of women outnumbered fien in the

Michigan State University Medical School.
During the 1970's, Eﬁé schools also helped in the aaaimtiatton of 12

million immigrants——the largest wave of immigrants of any decade in American
history (Hodgkinson; 1982). . The schools played a key role in assimilating
these people into American society at the same time that the schools were
mainatreaming increasing numbers of handicapped children into regular.
classrooms, with-a majority of all handicapped childrén apending fewerftyan 10
hours per week in special education programs. The years between 1970 and 1980

were also moteworthy because of the success of the schools in providing "Lau

remedies” for bilinguial children, ending sex-role stereotyping in materials
and textbooks; increasing the attention given to career and vocational
education, dealing with the environmental education movement, and teaching the

skills of active citizenahip.
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to more and more of the
jcation that has remained
remarkably constant across the past lO years, despif ther infusion of new
populations and distractions. With the exception of theégcholastic Aptitude
Test (SAT), measurable qualities of students on other examinatiofis have shown

remarkable consistenc§ or slight gains. Hodgkinson points to the fact that

~ Not only are the schools providing educatiog.

there have been no significant declines in the American College Testing

Program; the Preliminary Scholastic Aptitude Test;, or the Graduate Record

Examination results during that period of time. Indeed, since 1980, reading

scores have increased significantly in several major metropolitan areas, and

the president of the College Board recently announced that "the long-term 7
decline in SAT scores has been halted by 1982 seniors" (Howard 1983, ﬁ. 19).

examination. The great challenge of conveying new scientific, technological

and humanistic literacy during the coming decade can be met by ‘the schools.

And 1f we enact appropriate school poiiciea, the schools will- again succeed.

Myth: There Are Already Too Many Teachers

-~

Reality: Throughout the 1970's, there was a substantial oversiupply of new
_ teachers. . However, college students have responded to the teacher surplus by
“Tenrolling io 6tl’iéi’ fields of study. ’

The annual supply of newly qualified teacher graduates decreased from

314,000 in 197 to 159,000 in 1980, creating a situation of shortages in

certain geographic regions and curricular areas (Frankel, 1982, pp. 71-92).

The most drametic undersupply has been of mathematics and science teachers.

Recently; significant attention has been given to reductions in the gumber of

potential science and mathematics teachers being prepared and their attrition

from careers in education to business and industry. Between 1970 and 1980;

mathematics teachers prepared and a 65 percent decline in the number of
secondary scilence teachers being trained (Hutd, Note 2) In my own State of
Georgia, for example, only 70 prospective mathematics teachers were graduated

from colleges and universities during the 1981-82 school year. Of these, only

‘42 took classroom positions, with a dropout rate for the first year79f734

percent; or 14 new teachers: We anticipate that this number will continue to

decline at a rate of 10 percent per annum.

. A recent,study of experienced mathematics and science teachers indicated
that nearly 30 percent were leaving the classroom for other employment or
intended to do so in the néar future (Renirie, Note 3) wnae is most

that younger teachers are leaving the schools at a greater rate than older

teachers (Walton, 1982).

Additionally, collective bargaining agreements are taking their toll in

that they often result in the dismissal of newly hired mathematics and science
teachers under "last-hired; first-fired"™ provisions: With the average age of
sclence teachers being &l,(Kléin; Note 4)--some 8 years older than the mean of
all employed teachers--and young teachers leaving the profession at an
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pereonnel entering for replacement. We arefrunning outiof time to prepare
replacements ds these older teachers move closer to retirement.

L ??3§§§§5,§§§ﬁ§§§5§§,1§W§§§5§?5,§f students being prepared as mathematics
- apd science teachers and devastating losses of young teachers to business and
*iduittifiti only one dimension of the problem that we face. Shorté§é§,éﬁd

A study by the Association of School, Goiiege and Univereity Staffins
reveaied that significant teacher shortages exist not only in mathematics;
chemistry; physics, earth acience; and data’ _processing; but also in industrial
arta, asriculture, learnins disabilitiéé, biliﬁéual education, special ’

education for the multiply-handicapped ("Teacher SuppIy/De-and, 1982). -

Obviously, these current shortages must be faced, but recognition must also be

given to other approaching teacher shortages. In Florida; for example,
foreign languages; language arts; elementary education; and special children '8
education are the next areas in which personnel vacancies: are anticipated in a
deepening shortage of qualified teachers for all areas (Te €

Schools, 1982).

severe. As noted earlier,,enrollmentg in college andnunivereity education ]
programs have fallen from 317,254 1in 1972 to 159,485 in '1980, a loss of almost
50 percent (Graybeal, 1981). Over one-half of all States reported unfiiied

teaching positions between 1980 and 1982 (McGuire, Note 5).

In predicting greater teacher shortages for the late 1980's, the National

Education Association reports that fewer ‘of those prepared to teach will
actually choose to do so. (Now, some 75 perceiit of the education graduatee o
actually enter teaching.) In addition, many of those presently teaching will

find employment outside of the field, particularly when the general oversupply

of college graduates begins to drop in the late 1980's and we. experience a

1abor shortage/job surplus condition ("Teacher Demand Has Declined,” 1982).
The National Center for Education Statistics supports this contention.with one
éet of projections that suggeste that, by 1985, the eupply of few teachera

continue to rise into the 1990's (Frankel, 1982, pp: 71-92).

A number of factors have contributed to the decline,in enrollmenta in

education. One is the teacher surplus of the early 1970's and continuing
public perceptions of an oversupply, coupled with the widespread belief that

teacher education graduates are employed only in schools.r ‘These gerteptiona
contribiute to negative attitudes of high school students in comsidering

teaching as a career. In 1981, only 3:5 percent of entering college ‘students

expected to become eiementary teachers; and only 2 percent expected to teach

on the secondary level (Guthrie and Zusman, 1982).
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Another factor contributing to declining enrollments in teacher education

programs is demographics:. On the basis of the current high school population;
colleges and universities must prepare for a decline in the number of

postsecondary studgnts,iaigitgatinn that 1is expected to continue until the
late 1990's when enrollments will “once again surge” (Breneman, 1982) As a

result; schools; colleges, and departments of education must compete with

other university programs for a limited number of students: Were the present

decline in teacher education enroliments paralleled by a decline fm the

birthrate, there might be fewer. concerns for the future:. The reality, -
however, . 18 that’fhe birthrate began to rise in 1978 due to childbearing among

post-World War II "baby boom™ children. The consequence is an upturn in
elementary enrollments beginning this year and, therefore; increases in .
secondary school enrollments beginning in 1989 (Guthrie and Zusman, 1982).

~ Recent declines in the number of students electing careers as mathématics
or sclence teachers, and in some cases in other disciplines, have forced

universities to close smaller teacher preparation programs. Only 600 of our

1;350 teacher preparation institutions currently graduate mnthematics teachers

(Mathematics Teacher Shortage; 1982, Note 6): Even when a university

recognizes the need for a teacher education program; it cannot implement the

program without an initially sufficient number of students and a commitment of
external funds. Consequently;, limited numbers of students who choase a_
college or university without consideration of its teacher education offerings

will find that there is no program for them.'

One segment of the teaching force that is increasingly disturbed by these

enroliment trends is Black® educators: According to Equal Education

Opportunity Commission data reported by Witty (1982), from 1975 to 1978 the

percentage of Blacks in school positions (teaching and nonteaching) fell from

12.9 to 12.3 percent. In addition to overall enrollent reductions; wWitty
identifies a series of contributing factors: job losses resulting from.
desegregationfefforts, expanded minority employment opportunities, decline in
the _quality of elementary and secondary school education for Blitkﬁ, _and
-testing and screening practices for entry into education programs and for

initial certification.

Concerns about the quality: of teaching as a profession; institutinnal

retrenchment; and _expanding professionai opportunities for women and

minorities have resulted in a significant reduction in the pool of potential
teacher candidates. Rigorous recruitment strategies must be implemented to

bring- these persons back into the profession.

> The Classroon

~ Realiry: ,,?h?,P}§§§m§§t,°f unprepared individuals in classrooms through

emergency certification is all too commonplace. In Pennsylvania last year,

some 1,300 walvers were awarded, while in 6hio the number was at least four

times greater.

-Aﬁardiné emergency certificates is bad education policy and an
inappropriate response to the shortage problem. _State certification
requirements serve the essential purpose of establishing criteria f6r
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determining mintmum standards of preparation for elementary and sacondary

school teachers. The requirements are designed to protect children from

unprepared and unqualified teachers. While granting that there -are teachers
in the classroom who have met the minimum requirements for certification and
who are not performing satisfactorily, the danger of increasing these numbers
by waiving minimum standards is frightening. Can we afford to take that

chance? Indeed; can we have both a commitment to edﬁcatianal excellence and

encourage the placement of untrained teachers in our schools?

teachers were considered unqualified by their principale,(WElton, 1982). Such

.a statistic is unacceptable. Although bright, caring arts and science

graduates are available, we are compelled to ask if they are qualified to

teach. Our first question must be, have they chosen to teach.because they did
not meet the requirements for employment in their own fields of preparation?
Then we must further inquire: Do they know about sequencing of content or
curriculum development? Do they know about test constriction or the
interpretation of standardized tests? Do they know about learning theory or

understand how to manage a class of 30 unique individuals who come from

diverse backgrounds or who do not want to learn? Do they know about diagnosing
various handicapping conditions or developing appropriate educational

programs? Do they have a repertoire of teaching methods; inettuctional
strategles, and resources to use in varlous situations and with different

children?

If certification standards need modtftcatton because they are
inappropriate or unworkable, it is the responsibility of State government, the
profession; and teacher preparation institutions to review these standards: and
develop the necessary revisions. Abandoning a system designed to assure

m standards in order td accommodate a guick solution not only does not

solve the problem, but also weakens the entire educationxi aysten.

Myth: If We Pay Enough; We Will Get The Teachers
Réél%gi; Cbmpenaation for teaching is much lower than it ahould be, but

number of qualified candidates. Although teacher candidates continue to be

attracted to teaching for a variety of intrinsic reasons; the significant .
decrease in the buying power of teachers' salaries during the 1970's made it
iﬁ§6titiie to iddteee the éBﬁditions of ﬁrietice. Thé‘ﬁrﬁbléﬁ ié thit

other sectors.

According to _the National Education Association; the 1980-81 average
starting salary for public secondary school teachers was $11,758. In_
comparison, a graduate of a 4—year college degree program in engineering can
earn $22,368; in accounting, $16,980; in chemistry, $19,536; and in computer

science, $20,364 (Guthrie and Zusman, 1982). Although one can easily make a,

case for geggyergi7d;ggiggggtg;;agiggiggges, school districts simply cannot
outbid business and tnduatry for personnel., Matching thz minimum salary

ﬁ'l
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offered by induatry would necessitate doubling most school diatricts

personnel budgets: With the current administration propoaing a 30 percent

reduction in Federal support for educaticn and many States reporting

additional cuts in State aid; it is unrealistic to expect that _major
!

z

adjustments can be implemented; particularly in economically distresaed States ~

Gince school districts cannot outbid business and industry for teachers on
the basis of salaries, it is proposed that they join forces: Given the fact
that the attrition of practicing teachers is a reality and fewer and fewer j
teachers are making teaching a long-term career, we are suggesting a series of /
strategies to effect needed reforms.
Nearly 60 percent of those initially employed as teachers eventually take '
employment in other occupations: Many view this fact as a problem. With, some/

imagination this situation could be turned into a genuine resource for both J

school and prospective employers. American business and industry, and /

education policymake s in particular; must be made aware of the importance of;
well—qﬁalified teachera and of the consequences to our communities; States, /

~ . /

/

o Egrtnerships of achoola and businessea need to be formed. Buainess and/
1ndustry could continue their practice of hiring recent graduates of
mathematics and ccience teacher education prograiis, but they could then place
them in public schools during the first 3 to 5 years " of their employment with

their company or on a part-time basis during a similar period: During st

the companies could provide employment and/or support for further educatif

Various tax incentive packages can be considered to put this option;, deve
by my colleague John Sandberg of Western Michigan Univeraity, into place/

If economic realitieaidictgte that teachers ,aalaries may not be,able to
compete with those offered by industry, a variation of the first option/is to
explore ways to provide teachers with meaningful summer employment
opportunities. ULegislation introduced last year in the House of
Representatiyggigndithgi§en§teiggggegtgd7§ E§§,5!¢Q!§,fQF,§h°Be pgsinesces
providing mathematics and science teachers with summer jobs: This concept

could be broadened to encompass teachers in all disciplines; and rather than
placement in just business or industry settings; colleges and universities
might be encouraged to hire teachers for summer assignments. Museums, think-
tanks; libraries, and State and local governments could,; with modest

incentives, provide teachera with meaaingful summer jobs. Theae collahorative

increase teachers' contact with the practical application of skills and

knowiedge:
Further; we must address the professional growth of classroom teachers
Ehroﬁéh &aafaafiaéé iEEEEVice activities EE&E ﬁill contribute to both their
””””””””” We must’develop and deliver
inservice programs that address both academic,and,profEEEionél needs.
Incentives for States to conduct programs with school districts and
institutions of higher education are appropriate. The National Science
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Foundation's model of summer institutes for elementary and secondary achool

teachers is a viable option: These institutes could also provide retraining

for those former teacher graduates who are currently not employed as teachers

by enablins them with additional preparetion to move into high school

I urge that we consider ways of developing a support system for new o

teachers as they move from the college or university into a classroom setting.

Cooperative programs between institutions of higher educatiom and school

districts_should be-initiated to provide entry-year mentoring and support
programs for first-year teachers. Teachers in all subject areas should be
given reduced teaching loads to permit their effective development as
beginning teachers.

!Be\environment for instruction should be made conducive to learning and

teaching. We should provide our teachers and schools with adequate laborutory

facilities and teaching materia]s. Although 95 percent of academic time is_

7) ] Additioﬁilly, teachers need to be given soiie reprieve from the nyriad of
noninstructional duties that deplete their  energy and reduce their actual

teaching time. Clerical and laboratory assistance should be made available to

take over such duties and free teachers to do the jJob for which they were
employed.

. Miny classroom conditions contribute to teacher dissatisfaction and
burnout, according to Dean D. Corrigan, past preeident of the American

Assoclation of Colleges for Teacher Education (AACTE) and Dean of the College

of Education at Texas A&M University:

We can Eﬁndété competency tests, éyilﬁité éﬁd screen
candldates and prepare our teachers with the latest
knowledge and skill, but if we then place them in work

situations where they cannot use this knowledge and skill

we will mereiy produce _more caudidates for the teacher _

profesgignal practice do not exist widely, either _
finarcsially or psychologically for the teacher today. Our
efforts as professional "teachers of teachers” will fail

unless we can create more favorable conditioms in which our

graduates canm practice_their mnewly acquired knowledge and
skill (Corrigan; Note 8).

The conditions of practice significantly affectfourﬁgbilityftofrgcguitiang

retain sufficient numbers of quaiified teachers: We have high expectations of

our teachers: superb academic preparation from the schools of arts and

sciences; strong professional preparation and sufficient supervised

experiences in the classroom; and expertise in the latest in science and
technology. Yet, we supply out-of-date equipment and materials and pay
education professionals far less than others with gimilar backgrounds and ‘!
preparation. Why are we surprised whe~ these people choose not to remain in

the classroom? \
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er of Common Sense

Myths.

exceptional knowledge aud skill: The myth seems based on the conventional
" idea that teaching is a simple didactic process of conveying knowledge to
learners and that any reasonably intelligent person with proficiency or skill

Reality: Teaching ir a highly complex process requiring persons of

in a selected discipline or subject can be effective in accomplishing this

objective. Unfortunately; the belief was given added credence by selected

researchers in the early 1970's. Their resu®ts were interpreted as indicating

that teachers made little if any difference in student learning: Today that
attitude results in various study groups and commissions proposing that

graduates with baccalaureate degrees in arts and sciences be sent into

classrooms to learn "on the job” without any ﬁrafééégaﬁal preparation.

The research of the past decade on teaching performance related to student

learning has shown that different teachers can generate significant

differences in young children's learning of the basic Bkills—particularly in
reading and mathematics. Teacher educators have been examining these basic
differences in the research of Berliner; MacDonald, Stallings; Gage; Brophy,
Good, Biddle, and others and attempting to fashion appropriate professional

preparation programs. Smith and his colleagues in Floridd are looking at the

roles and functions of teacher as teacher, teacher as person, and teacher as
professional. Each of these roles i1s then divided into other content areas.

For example, the role of teacher as teacher 15 divided intoc the following
categories: (1) diagnosis; (2) instructional planning; (3) instructional
management; (4) observation; and (5) interpersonal relations. The Florida
model assumes that candidates for teaching need to know the undergirding ]
research base and be able to practice effectively the identified knowledge and

behaviors (Handbook of the Florida Performance Measurement System, 1982).

than just cotimon sense when they begin to practice the_art ‘and science of
teaching. While teachers need to be well educated in liberal and general

studies; AACTE's forthcoming Prof xce a Beginning Teacher

- also argues that all beginning teachers must demonstrate specific forms of
knowledge: (1) knmowledge of learners--~their individual differences and
special learning needs and styles of learning; (2) knowledge of teaching
methods, including differentiated instruction and classroom management; (3)

knowledge of resources appropriate for specific learning levels and the use of
a vide variety of teaching tools; including computer—aided imstruction; (4)
knowledge of evaluation, including the validation and interpretation of tests;
(5) knowledge of education setting, the nature of the school as an institution;
and the ability to work with parents; and (6) knowledge of the profession of

teaching and the ethics that guide it.

Professionally prepared persons should be able to sequence content and

develop appropriate curriculums; construct tests and interpret standardized
scores, effectively manage a class of 30 unique 1nd1viduais,di§guosevarious
handicapping conditions and develop appropriate individualized programs;

understand the laws that shape the rights of both learner and teacher; and
possess a repertoire of instructional strategies.to use im various situations
and with different children. These tasks are only some of those required in
‘the most complex of human occupations——that of teaching. \
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ﬁ?th‘ Teacher Education Students Are Not Very Smart

ity: Substantial publicity has been given to studies of high school .

students indicating that those who are c0naide5%:g teaching cdareers have lower

bound students as a group.

test scores and grade point averages than coil

From this publicity it has been generalized that ail students enrolled in

iplete the programs,; are substantially less academically able than students
in other disciplines. .

In 1982 students admitted into teg her education programs as college

juniors scored an average of 866 on SAT's taken 2 years previously as high

school senlors (Accreditation Data Bauk; Note 9).. ~Although loﬁér than the

1979 for education-bound students. On_the ACT, also administered to high

school seniors and used for college admission, 1982 college juniors entering

teacher education programs scored about the mean high school score. Taken

together, these data suggest that students planning-careers in education are
neither academically superior nor inferior to other students:

_Admission to teacher education programs is not made casually. Students
must meet university requirements’ and complete a8 program of general studies

with an acceptable grade-point average prior to beginning their professional

preparation: Many universities require that potential teacher education

, students, in addition to_ having the academic credentials, pass entry or __._
preprofessional tests prior to admission to the program (Sandefur; Note 10).
A recent study.conducted by AACTE (Note 9) revealed that junior students
admitted for the 1981-82 school year into a teacher edueatian program in a
sample of 200 institutions, carried a 2.8 grade point average in general

' education courses. This survey also indicated that the average GPA of June

1982 education graduates was 3.0, higher than minimum institutional
requirements but consistent with GFA's of students entering the program. _
T6§Ethét, §tadé §6int avaragéé aﬁd ACT §é6té§ §ﬁ§§é§t thit thé aBilitiEE 6f

not only smaller, but is also characterized by an absence ogfthe large number
of very academically able, particularly women and Blacks. The ijsue is not,
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as Schlechty and Vance correctly point out, lower standards for entry inmto

teacher education programs; rather; it is a recruitment and retention
problem. Average students are electing teaching as a career because we grant
the §t6fé§§i6ﬁ Batéli averagé étatﬁé aﬁa 5316ﬁ;aiéra§é §alarié§. It is

them to enter and remain in the profession.
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Myth: Teachar Education E}naaﬁ}sAQPEh& All Their Time in ifaféggiaﬁgi
Education Courses

Reality: Candidates for secondary school positions in mathematics and

sclence take a highly rigorous college program~-much of it in science or

mathematics. Typically, a teacher preparation program is made up of four

components: a solid foundation in general education in arts and sciences

including basic skills; advanced or specialized study in one or more academic

subjects; professional education courses in methods, theories of learning; and
foundational studies; and a student teaching experience.

Preliminary data from an AACTE surVey of some 100 schools of education

reveal a wide range of semester hour rEquirements for secondary teacher

education programs in mathematics and science (Study of Scietrice and

Mathematics Education Programs, Note 12). For teacher candidates, general

education requirements range from 37 to 61 semester hours of a typical 120-130

semester hour program. Students specializing in mathematics education are

required to take an average of 33 additional semester hours of specialized

mathéﬁatics courses. Those in science education must take an average of 41

In this same sample, professional education courses averaged only 25
semester hours of the total mathematics or scleficé education candidate's

coursework, with student teaching consuming almost one half of these hours.

The range of professional coursework is comsistently smal}er than for general

education and academic specialization categories (Note 12 This survey

reported that, while all candidates are enrolled in a teachingfexggrignge!
schools of education are requiring significant semester hours of additional

school-based exﬁériences. The reality is that pedagogical studies conshme

___To illustrate this further, the teacher education programs of three
different institutions are depicted in Exhibits 1, 2, and 3. The institutions

involved are typical of those preparing teachers: one is a large land grant

institution; another a major producer of teachers and former normal school,

and the third is a small liberal arts college with a quality teacher education
progranm.

science education candidates is to refute the image of students spending
inordinate periods of time in professional programs, another” purpose 1is to
point up a problem in the preparation received; namely, in a major in

mathematics or science, there is little in the college curriculum that can be

directly applied to the teaching of high school algebra or biology. Indeed,

it should be recognized that the very advanced subject matter training given

these students may inadvertently serve as a disincentive for them to enter
secondary classrooms. :
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Eehdbie 1

Mathematics Education Major s _Reguirements

(Large Land Grant institution)

General Stviies

71. Hath-Philoaophy . 3 - oio oio ; ; ; * o o o‘\. ® o o o o o 6 hrs.
II. Physical Sciences (required) e e ¢ o s e s o o e s o o o 6Hrs.
IIX, Biological Sciences (required) . ¢ ¢« o« « o 2% o « o o« +» 6 hrs.

1v. Forelgn Languages : : : : «: : = s a a s s a a5 = s s s = . 6 hrs.

_v. Humanities; Literature and the Arts  : : & s & = s & 6 hrs;
VI. History (required) . . ¢« ¢« o « o« ¢ ¢ o e« o o« « = o« o« s » 6 hrs.

VII.  Social Sciences (required) 6« e o o o o s s s s e s e+ & hrs.
VIIiic Behavioral Sciences « « ¢ o« « o o ¢ ¢ s ¢ ¢ o 2 ¢'a s o + 6 lLirs.
Special Preprofessional Studies .
(20 semester hours) \
Freshman Ensliah e o o Qio ® o o o o s o 6 ® o o 6 6 o o o0 o; . §hr§o
Cormunications and Humanities , . - . . . ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o o o o 3 hrs.
Fron English, Communicati®ns, Humsnities, Journalis,
Philosophy, Religion; and Speech:
? __ Three hours must be literature.:
SP 181 Basic Public Speaking
or o
COM 101 Introduction to Comiunilcations « « o o s« o« o 2 s« = o o & 3 hrs.
BIO 110 Introduction to Human Biology and Health
: or
.HFR 145 Concepts in Health and Fitness .
or _
NFS 101 Food and Nutrition for Man . « ¢ « o « o« .« « « = s« s« « « -3 hrs.
PSY 100 Introduction to PSYChologY . ¢ ¢ « o o o o o o o o o o o 4 hrs.
Professional Education
(27 semester hours) /
EDP 202 Human Development and ILearning . « « - « « « « « « « « « 3 hrs.
EDU 203 Teaching Exceptional Learner in Regular o
S ClasBTOOM . o o « o« ¢ ¢ o « o o o o o o o o = s s = = +« 3 hrs.
EDF 301 Education in American CUlture . « « « « « s « o o o = « s 3 hrs.
EDC 344 Principles and Techniques of Teaching in the -
Secondary School « s s s s s s & s.6 a a s « o« o« o o« o 3 hrs.
EDC 521 Materlals and Methods in Teaching Mathematics in L
__ _ _Secondary SCHoOLl .« + « o ¢ o o o o o o s o o s s s e 13 gré.
rs.

EDC 356 Student Teaching in Mathematics . « « « o« ¢ ¢ ¢ o ¢ s s o 12
Advanced or Speciaitzed Study in Mathematics

Students majoriug in secondary matﬁematics will select one of the following
three programs: <

Plas Onet Mathematics major of 30 hours and any minmor listed:
. 158 |
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Exhibit 1 (continued)

Plan Two: Mathematics major of 30 hours and two flelds of 12 houtrs

each chosen from the following Support Areas:

_Astronomy ] Economics
*Biological Sciencé. ‘Engineering Drawing
Chemistry Physics

Computetr Science Statistics

Earth Science o

Plan Three: Mathematics major of 30 hours and any combination of 24
: hiours from areas related to mathematics such as (éourses ia

other areas may be gselected with advisor's approval)s —— -~ ———

7

_Astronomy = Economics
*Biological Science Engineering Drawing
Chemistry . Physics
Computer Science Statistics
Earth Scilence .
e o AN o
Ma jor in Mathematics (30 hours) (MA 122 may not Le part of 30-hours major)

Required:

[ 9]

. - - - 7

MA 113 Calculus I

_or . d S ) -

MA 115 Elementary Analysis I (Honors ﬁéth)é . 4 hrs.
or S N :

MA 117 Differeritial Calciilus

ﬁiffiiz_ Calculus II
_.or__ . A } o
MA 116 Elementary Analysis II 7 4 hrs:

MA 118 Integral Calculus

VA 213 Calculus III
HES:TZIS Elementary analysis III. | ; 4 hrs:
MA. 217 Calculus of Several Variables

MA 341 ' Topics in Geometry . ' 3 hrs.

*Biology 110 may not be used as one of

the courses in the Support Area.
A\ =
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Exhibit 1 (continued)

,tf6§g}i Recommended:. ) }
MA 261 - Introduction to Number Theory . : « s « & s & s
MA 262 Linear A18ebZa . ¢ o « « 2 ¢ o o o o o o o o o
MA 361 Elementary Modegn Algebra I . . . . « « « . . .
MA 371 7 Elementary Set Theory and Numbers

h=s;
hrs.
hrs.

- . _ - - - - - - - - - - - - - -

Syspem et ¢ e i i et e e s s s s se s

W ww

hrs.

Electives: (to be selected with the aid. of an advisor)

MA_ 214 Calculus IV 3 hrs.
or .

MA 218 Calculus for Mathematics ﬁijéfé v

MA 351 ; Elementary Topology & . - « . .
MA 352 Elementary Topology II . . . .
MA 362 *Elementary Modern Algebra II .
MA 410G Mathematics for Edonomics . . .
MA 411G Models in Mathematical Biology

415G Graph Theory = : - ¢ & + + & & &
441¢ Geometry I‘ & & :
442G Geometry II . . .
471G Advanced Calculus

472G Advanced Calculus.

3

481G Differential Equations I . .

501 Seminar in Selected Topics

W WwWwiw W W wwiw W
|
R
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Exhibit 2

Science Education Major's Requiredents

"(Large State College)

i

In addition to general studies and requirements for the Teacher Education '

science Teaching Major (minimum of 51 semester hours)

____This major may be added to the Secondary Instructional License; its
coverage is grades 9-12. Students who elect to complete a Secondary Science

License are required to tgke three components as part of .the Science Major:
These components are genéfal requirements, one primary area, and one supporting
area. The primary and supporting areas include the following: -biology; |

chemistry, earth space science; general science,:mathematics, physical

General Education category of electives. In addition to these requirements,
students must complete a two-hour methods course in the primary area-and a two-

hour methods course in the supporting area. )

Prerequisite courses for the Sclence Major may be taken as part of this

General Requirements (12-semester hours)

_-Any combinatlon of the courses listed below will fulfill this requireazent

with the stipulation that each course 1s selected from a different

discipline. (Courses used to satisfy this requirement may not also be used fo -

satisfy requirements in the primary or supporting ar=as.) Chemistry 105--3

hrs.; 105L--1 hr: or 107--4 hrs.; Geography add Geology 111-=3“firs. (iiif--1
hr. recommended) or 113--3 hrs. (113L—1 hr. recommended); Life Sciences
101--3 hrs;; 101f~--1 hr.; Physics 105-—-4 hra: or 2055 hLrs.

_ Students must complete two self-paced instructional modules concermed with
drugs and nutrition or an approved substitute; :

Primary and Supporting Areas
___ Students who elect a Science Major with primary or supporting areas im
biology (life sciences), chemistry, earth space sclence (geography and
geology), mathematics (only when physics or chemistry is a primary or
supporting area), and physics will find these areas described under their.
respective departments. General Science and Physical Science curriculums are
below: ' o g
%il _ s
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General Science Primary Area (24 semester hours)

Required courses: , . !

Chemistry 106~-3 hra., 106E-1 hr., Life Sciences 102-3 hrs., 102L-—1 hr.;

Physics 106--4 hrs.; Geography and Geology 152--3 hrs.; 153—3 hrs. or 354—3

hrs.; 314--3 hrs. or 468--3 hrs. or 476-3 hrs. Approved elective—-3 hrs.

-

Required ‘cours
Chemiatry 106--3 hrs., 106L—1 hr.; Physiés 1064 hrs.; Life Sciences

102--3 hrs.. 192%-—1 hr.,ieeography and Geology 314——3 hrs: or 315--3 hrs. or

468--3 hrs: or 470--3 hrs. Approved elective--3 hrs:

 Students completing this primary or supporting area should elect Chemistry
105 and Physics 105 from the general féﬁﬁitéﬁéﬁtﬁ.

Required courses: 7
_ Chemistry 106-=3 hrs., 106L=—1 hr. or 108=—4 hrs.; 321—&4 hrs. or
351--3 hrs., 351L—1 hr. and 352--3 hrs., 352L--1 hr.; Geography and Geology -

" 314=-=3 hrs. or 315--3 hrs.; 468--3 hrs. or 470--3 hrs.; Physics 206~—5 hrs.;

"340~-5 hrs.

Required coursés:

Eﬁiﬁiéfff;iﬁﬁ;-S hrs., 106L—1 hr.; 351—3 hrs.:, 351L-~1 hr.; Physics
106-—4 hrs.; Geography and Geology 314—3 hrs. or 315-—3 hrs. or 468--3 hrs.
or 470—-3 hrs. ‘

105 and Physics 105 from the general requirements. . -

-
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Exhibit 3 /

(Small Liberal Arts College)

In addition to general studies, a teacher education maja{ is required to

Mathematics Education Héjéfié,Rédﬁiféﬁéﬁfé //

take the following program: . //
Course A / -~/ Semester . -
Number J . ] : Hours
n N — - - - !
Mt 115 ‘Introduction to Computer Programming . . . ./. e o o 3
Mt 210 Calculus and® Analytical Geometry I; II . . c o oo o 4
Mt 211 o A I 4
Mt 212 Calculus and Aﬁélj’t‘ié&l Geometry III; IV ./. o« o & o & 4
Mt 213 4
Mt 310 Abstract Algebra I T S P 3
Mt 320 Geometry : . s - P I A e v e s e s 3
Mt 120 Applied Statistiqﬁ e 4 e s s e se e s e ks e s s 3
or
Mt 370 Theory of Probab 1ity and Statistics I; ¥I . . . &+ : & 3
Mt 371 , N o . ; 3
Mt 401 Seminar I; II (Overview of Mathematics) /. . . . . . . 2
Mt 402 N . . 1 I . . 2
Ed 316 Secondary Educatiion (Math) . . ¢ ¢ ¢« ¢ b ¢« ¢ ¢ o o & & 2
Ed 417 Student Teaching: Secondary « « « « ¢ jo o ¢ o o o o & 6/8
Note: In addit on, students are adviséd to take
Eﬁé following courses:

Mt 160 Aﬁﬁlications of Finite Mathematics 3
Mt 311 Abstract Algebra II . . . . . . . 3
Mt 321 TOPOLOEY « « o = & o o s o o o o 3
Ed 204 AV and General Methods . . . « . « 2
Ps Adolescent Psychology . « « « .« « 3

y Ps Psychology Applied to Ieaching - 2
SEd 310 Nature of Exceptional Children . . 3
Ed 323 9!999,!‘éssg,&@l}ysﬂgtg,:,;,:; . 2
Rd 318 Reading instruction Secondary S 3
Ed’ 316 Secondary Education: (7-12 . . . s 2
Ed 362 Effective Ciiiéfaaf Teaching: Management

; Muiticultural (T = - S 3

Clinical Eiﬁerienkeé éﬁd Human Relations

Ed 100 Introduction to Educatio’ and H”" ﬁ elations . . . . 1
Ed 200 General Aiding and Human Relatio's c o s s s s o s o -1
Ed 300 Specific Aiding and Human\Relations .+ « . « s .+ » 1
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Should we not examine the curriculum in light of building depth for the

subjects to be taught? It seems important that the academic requirements for
secondary teachers be reviewed toward recommending more emphasis on general
sclence or. mathematics courses and additional supervised classroom
experience. We do not neéd to prepare all of our graduates to teach in a

talented and gifted school or to teach:calculus or advanced genetics; what we
" need are teachers who can iutroduce mathematical and scientific concepts to

secondary school students and prepare them for more advanced collegiate work

or to compete successfully for more technologically demanding jobs.

__ Schools of education are prepared to cooperate with others within the
higher education community to consider the appropriate preparation of

teachers: We would encourage the participants in this conference to recommend

that some Federal dollars be set aside to accomplish this objective.

. _One option 1s to provide a series of modest discretionary grants to
schools of education to stimulate faculty within education and departments of
mathematics and science to develop the following materiais: (1) viable
recruitwent strategies: (2) new curriculum for the preparation of middle
school, junior high, and sentor high school science and mathematics teachers;

(3} accompanying instructional and/or software programs and materials; (4)

inservice or staff development programs for practitiomers in both gsubject

* matter and teacher education; and {5) faculty development programs to

sensitize college personnel to these problems and needs: This type of grant
program—-with monies targeted to deans of education and deans of arts and -
science to be used for cooperative programs——could achieve major reform at

medsst costs: .

Many schools of education have beem forced to reduce faculty 1imes in

science and mathematics education because of low program enrollments. Failure
elimination of courses and

areas of low enrollment atid high fieed and to siupport iHew or lonovative

programs that may initially attract small to modest numbers of students. In
some instances; schools of education are also confronted with the problem of -

~retaining high quality mathematics and science faculty who are now very
marketable as industrial trainers at appreciably higher sslaries. Finding
monies to add to their salaries (for full-year employment) or to provide

additional benefits is very difficult and may result in the continuing
attrition of faculty in these areas of high need—a problem mot given

sufficient attention by those concerned with this issue.

Reality: Different solutions are needed for different problems: For

instance; the solutions that address the shortages of mathematics teaclers at -
the high school level (i.e.; finding technically and pedagogically competent ™ ...

teachers to teach high school calculus) are mot the same as: those.that! will
alleviate the problem of inadequate mathématics education at the elementary
level. Most of the solutions that have been posed in this and previous

conferences have focused on the former problem (enlarged to include the

problem of attracting physics and chemistry teachers) and have neglected the

problem of dealing with the shortage of qualified mathematics and sciecnce
teachers for the elementary grades. '
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Shamos (1982) reports that there are several studies that both document

and address the problem of unqualified or underqualified elementary school
teachers. He indicates that this is a particular problem because it is in the

elementary grades that much can be accomplished. As Shamos notes; in the
"formative elementary school years, when minds are so receptive to new ideas;
and before their patterns of thinking have become fixed, it should be possible
to develop a foundation in science that will remain a permanent part of the

individual’s intellectual 1ife” (Shamos, 1982, p. 7).

. Science education prior to the secondary school experience is critical
because it provides the foundation for subsequent scientific understanding.
Attention must be given to our elementary schools where boys and girls develop
attitudes toward sclence, mathematics, and technology: A school's empbsis on
mathematics and science is influenced by student and parental attituder, as
well as by district or State program requirements: We need to find '+ 5 to

reinforce positive attitudes. Mathematics 1s "most popular” amor: 48 percent
of third graders but declines to 18 percent in the 12th grade: riss. studente
indicate that they do not see any real use for mathematics in their iives:
Science courses are even more widely disliked, and the negative attitude is

> acquired early; by the end of the third grade, almost half of the students
have no desire for more sciemce, and that percentage is constant through the

12th grade (Forbes;,; Note 13).

Generally, lack of interest in mathematics and science is reflected by the

quantity of school subject offerings. In the elementary grades, which have 25
hours of instruction weekly, less than 4 hours is devoted to mathematics and
less than 1 houtr to sclence (Forbes, Ngte 13). Consequently; the attitudes of

today's high school students were forged over a ‘decade ago. :

The absenge of qualified teachers at the elementary leve. pressnts a real

dilemma to thos: who prepare teachers: to continue to prepare elementary
teachers to be ri:sponsible for the total educational experiences or to prepare
subject matter specialists for the elementary grades. Simple solutions will
not resolve this dilemma. More creative ways are needed to help elementary
school teachers gain competence and confidence for teaching science and

mathematics and to support them, through appropriate means; throughout their

careers.

Schooi-based science specialists, system-wide curriculum supervisors,

inservice workshops; equipment purchases, aod curriculum development efforts

are found in many school systems, but they are usually directed toward

' improving secondary school instruction. The success of such approaches has

‘been varied; but little attention has been given to improving science
instruction at presecondary levels. While it is -hoped t some of the .
extended programs of professional preparation for eclemeéntary school teachers
will address this problem at the preservice stage, better means of supporting
the practicing teacher must also be found. :

One idea that holds promise calls for the development of an interactive
video capability and ;the parallel development of instructional units in

science to "transport” resources into kindergarten through sixth grade

classrooms via the new technologies: Teams of subject matter scholars,



could develop units in seience. Through their efforts and available
technology, teachers could draw on this data base to enrich programs and/or to

provide direct instruction in concepts of science (Sandberg snd Bosco; 1983);

Such a practice could improve the ability of teachers to help elementary
school children gain greater technological and acience awareness during the

formative years.

_ Both short-term and long-term strategles must be reviewed and considered
within the larger context of ensuring competence and excellence of teachers.

I believe that the concerns that we have argue for the need for a

comprehensive personnel development poilicy that would emsure that preparation
of sufficient numbers of qualified teachers to meet current and future
demand--a comprehensive policy that would address recruitment into the
profession, the quality of preparation, the nature of the classroom setting 1n
which we place these teachers, the necessary support aerviees for them, and

retention in the profeeeien. We need a national policy to be a model for

addressing future personnel shortages in a rational manner: Collaborative _

Federal and State partnerships must be forged that will make the best use of

changing conditions ia the profession.

R .

The shortage of quaiified mathematics and science teachera is critical
Making do aith an "aLmost qualified” mathematics or science teacher, reducing
graduation requirementa because student achievément has fallen, or introducing

- scores of remedial courses for college freshﬂen only compounds the problem.

Shifting responsibility from elementary to secondary schools; from secondary

schools to the colleges, from the colleges to the teachers,; from the teachers

to the nature of their working environment }s no solution. We all share the
responsibility; now it is time to identify integrated strategies and develop
coordinated efforts.

I propose that if we are to effect iasting improvements in education; we

must engage in dialogue and reaearch directed at *-~ followins goals.

Develop programs and techni r th I ( ca
students to- attrac hem 1in Special - ‘attention can be given to

attracting prospective teachers to ereae of shortage and projected shortages.

To accomplish 8 goal; it is necessary to enlist the support and efforts of

practitioners, community and business leaders; and our colleagues in the arts,

sciences; technology, and business on our own campuses.

: d general education
componen fi 1 other than the traditional ways.
Some attention must be given to the literacy of the general public; rather

than merely emphasizing courses and knowledge required for or leading to a
major in the subject being studied. The expectation of the colleges for
entering proficiency must be related to the necessary foundation for college

‘gtudy. General edication, then, must be considered in iight of the general

knowledge that an educated citizen should possess:

166 o j
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_Strengthen the support areas for science and mathematics. Science and

mathematics cannot be studied im Isolation. Knowledge of the humanities and

social_ sciences becomes_a tool for reasoning,; communicating,; and making
ethical decisions. To ignore the relationships between mathematics and

science and other disciplines deprives the engineer; the mathematician; and
the scientist the breadth of knowledge 1ecessary to become a fully productive

and contributing citizen.

2 w2 2S /. = —halad— =1 "y = & & To
emphaeizs,thg,ssgdz,9f,yethgszs£§§,gng,gcéggsg,gg,ghg,sgsgngegy,sshogl,;gvgl,

to the neglect of the earlier grades may contribute to the negative attitudes
and the element of fear of many young people toward these subjects. That fear

- _ === 5

and those attitudes provide a type of immunization for interest in the

subjects. The auxiety, fear, and attitudes can be changed if concerted

to base the study of science and mathematics and to build confidence in the
ability to learn, to deal with, and to work in these areas. -

Encourggefteacher educatorsfts—exglore deviations from current patterns of
teacher education to accommodate Some of the
restraints to change in tedcher education are impdsed by tradition, accredi—
tation, and certification. Anth6r3~ﬂticn, recngnitinn, and encourdgement for

reconceptualizing traditiomal practices used in the preparation of teachers

can release the knowledge, the experience; the imagination; and the energy

necessary to initiate new, exciting, and effective models: Consigergtiogiiiﬁ
should be given to establishing a national academy or institute for the study
teacher education, tc encourage research in the areas of teacher educatiom; .
and to provide training opportunities for teacher educators.

[
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Cremin, L. American education in the 19808. An argument for a

comprehensive approach. Address to the New York Academy of Public
Education, May 1982,

Opening remarks at the Nationai ﬁcademies of Sciences and Engineegigg

National Convocation on Precollege Education in Mathematics and Science;
Waehington, D.C.; May 1982 ' .

‘Renirie, J. Education commission t eplore improvement in science,

Eiiﬁéﬁiticgeachievemeﬁt,(preas releaae) Natioﬁal Science Foundation,
Washington, D.C., Aprii 1982. A

Klein; S. Teetimq;zﬁbefore the Committee on Labor and Human Resourcee,
U.S. Senate, Wﬁehington, D.C., 1982, P.6.

McGuire w H. ] Qf-nf-nmnnr of the Natdopsl l'-‘r‘lnnnticn As aan rdatinn an “ouse
¢ o ee, Washington,

D.C., September I8, 1983, — ’ —

Mathematics teacher shortage: An NCTM fact sheet. National Council of

Teachers of Mathematics, Reston, Virginia, 1982.

Proceedings of the Nationai Academiea'ﬁf Sciences and Engineerins -
Qonvocation, ‘Washington, D. C., Mai 1982. gyationaliﬁcademy Press; Room JH

Aseociatioﬁ of Collegea for Teacher Education, Houston, Texas, February
1980.

September 1982.

Sandefur; J.T. 2 7 ’
Paper prepared at western Rentucky University, 3owiing Green, October 1982.

Schlechty, P.C.; & Vance, V S., Recrﬁitﬁéﬁt; Eéléctioﬁ iﬁd rétéﬁtioﬁ:,‘Thé
shape of the teaching force. A paper presented at a National invitational
conference on Research and Teaching: Implications for Practice. Airlee

House, Warrenton, Virginia, February 25-27, 1982.

Study of science and mathematica education _programs in eeiectéd Aﬁéricaﬁ
Association of Colleges for Teacher Education institutions. Statistical

analysis by the American Assoclation of Colleges for Teacher Education,
Washington, D.C., January 1983.
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13. Forbes, R.H. Testimony of the Education Commission of the States to the
ouse Subcommittee on Elementary, Secondary and Vocational Education,
Washington, D.C., September 28, 1982, p.S.
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s . DISCUSSION OF
TEACHER EDUCM;‘ION. CURRENT CONDITIONS

James Kelly; Dean of,the College of Education;
University of Pittsburgh

/,

N

iiiiiiiiiii *

I feel obliged at the outset to express an extraordinary compliment to

Br. Anne Flowers for her willingness to.address a topic of such enormous

concern and consternation. The task is immense, ambitious; and challenging.

It is as if one wers pursuing ‘the horizom or; to change the figure, trying to’
gather the ocean in a teacup. Although the effort may be thoroughly engaging——
pursuing the horizon or gatheting the ocean 4in a teacup--and exhilaratins, it
is unlikely to have salutary outcomes. )

At first reading, the draft I had was aBout 40 pages long and in some

somewhat provocative. I was inclined to express my thoughts in the language
of Plato's "Theaetetus.” He said, "I am amazed when I think about such
things. By the gods I am. I keep asking what things mean, and sometimes my

mind almost becomes dizzy with the contempiation of them:" .

There are several difficulties in addressins myths, as Dr. Flowers has
attempted to do. First, myths often arise because of at least partial
truths. Some events and expaiiences created or cocttibited to the belief 1in
theni 8o that it takes careful. anilysis of the parts that are true; as well as

the parts that are false, to dispel the myth effectiveiy.

Second; a belief may assume the label of myth; not only by beins falee but

By Being wideiy Believed., So as we address myths, we must recognize the

that has such wide adherence. R Ty

___ My concern s that Dr. Flowers' analyses of the eight beliefs she labels
"myths” may not adequately address these two points. She rarely acknowledges
the at 1east partial truth in the myth so the analyses are often incowolete,

audience that has already rejected the myth.

8 To put this another way; in giving only a one-semtence chdracterization of

-each myth; the author fails to explain the content and arguments of the myths ——
she~purports to dispel. This makes it difficult to determine exactly what is

being refuted. And the refutations presented as reality are composed of
fairly standard recitals of teacher education institutions' ratiomales for the

most part. They do not adequately address the issues and problems of science

and mathematics teacher preparation.

The proposals at the end seem toiiive no apparent connection ﬁith the

myths and realities surveyed in the ody of thegpaper, and
sound good but seem




A second obcervation: As stated by ths: i o7, the problems confronting
teacher education and the preparatiorn s t:zall. -+ are complex and camnot be
resolved in simple ways. Yet tieé autiuoi goes or. to be prescriptive in areas
where flexibility and alternative actions appear to be feasible.

regional or area-specific. For example, o

Aithough some problems are national, tée solﬁtions in most cases mast be

Pittsburgh 1s losing populatioun while the Southwest is growing. Some areas

have high unemployment, even among the educated, while others have stable and

groﬁiﬁi employment. And some areas .or districts have older teachers rapidly

Thefproblem posed is real. The solutions based upon the author's

pérceptions appear as partial and limited. VYet the author has set forth a set
of ideas which can be examined; revised; expanded; - :d clarified. These tasks
would be helped immeasurably if more informed .y a more couplete grasp of

history and the relevant research 1iterature. This is a .strong bias of mine,

Albin Dunes Winspear, whem he was at Wisconsin, wrote a book, AIheAGenesis

of Plato's Thou ht; and he began the book with a statement from am

anthropologist; E.B. Tyler. It is an awkward sentence:

To ingenious attempts to explain in the light of reason
that which needs the light of history for its full meaning;
much of the learned nonsense of the world has indeed been
doomed.

Voo _a
.I think the incrght of E.B. Tyler's is one that we can honor iu -~ur svm

investigation, the necessity of putting. things in some historicai perspective.

The ‘author seems to believe that remedies tacked on from outside can produce
fundimental changes in schools; a notion which is iargeiy unsupported
historically and unsupported empirically.

“For 2 _years, from 1966 _to 1968, Dick Lawrence and I ran a thiﬁk tankg a

ﬁatioqzl Institute for AACTE in the Office of Education. And after 2 years I
wrote up some of our findings. One was that national experts and natioanal

_programs have little impact on local programs because the local experts sie to -

7/

that. The second observation I would share is that we discovered the

inexhaugtible capacity of an educational bureaucracy to absorb many

innovations without changing a thing. "
. So I _do feel compelled to_ try to put things in historicai perspective

because I think it does make for some economy in terms of our inquiry and "’
research. =

quality of instruction. If you see OpOpkovitz on the mgthfof educational
reform, 1 think there are some very clear reminders of that: i

.
p .
- -
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From the mathematics, natural science, and social science. curriculum

reform efforts of the 1950's and 1960's, for example, we should have learned

of the myth of supposedly teacher-proof curricula, with or without benefit of

computers; which unfortunately are ofter used as $3 C00 worksheets.

Good teaching involves more than knowing your subject matter in terms f

credit hours accumulated. Questions that might be well raised and Edareff d
here include knowledge of what subject matter, and how the desired mathe

or science could best be taught.

itics

In this regard the: paper does not acknowledge relevant research in

coguitive information processing, science education; and teacher educgtion,

such as that of Smith and Anderson at Michigan State or the work that/ iz going

on at Wisconsin. And I certainly feel obliged to mention what is going on at

the University of Pittsburgh, especially in the Learning Research and
Development Center by Greerio and others, much of which is supported by NIE.

A third point; the author's tendency to overgeneralize, particularly to

overstate claims; is. disturbing, as 1s the absence of clear relationships
between the myth problems and the proposed solutions. ‘

wa, to myself I made a gratuitous observation, 'Altvough hyperbole is: an
acceptable literary tool and ‘device, it tends to generate problems and

ambiguity in professicual discourse and scientific inquiry.”

_ While the pzoposal to encourage teacher-educators to explore deviatious
from current patterns of teacher education and to accommodate new needs and
challenges seems intriguing, it is the fact that the initiatives iterated are
unlikely and suggest little substantive basis that giVes me considerable

concern. #And td ask for money without indicating how it i1s to be spent and

providing svidence that zuch use is likely to have the desired effects seesms
inappropriate and certainly not convincing. L

the problem, they can, given enough money and freedom, provide solutions. To

wme this is undisciplined optimism and I don't find the assertign,yery,,,, )

compelling: In fact; I a.. uncomfortably reminded of Arthur Wise's "Legislated
Learning” and his notion of hyperrationalization.

to be received weII I thdnk, by researchers, and 1t wonld seem to provide a

somewhat easy target for teacher education critics. Their number already is

legion, and I have no desire to increase it.

_ The thing I do want to comclude with, and Jerome Bruder is the -last person
for whom I usually reach as a source to quote; is from his "Education
Revisited,” where he comes out as the new Bruner and says:

The reform of the mathematica i1s not enough: The reform of

the schools is not enmough:. The challenge of man is to
produce _a civilization that cannot only feed him but keep
him caring and believing. -

g+ 174 ,,‘



Michigan State University

I ~

Judith Lanier, Dean of the €College of Education, 3

i

In generai, i certainly agree with both Anne and Jim in the senmse that

myths are in fact unproved collective beliefs, beliefs that are accepted

uncritically, and_thus lack foundation in Fact. But at the same time; these

same myths do emerge and acquire form and credibility becaise they have these

dimensions of reality embedded ih them: In fact, the myths are rooted in
culture and are complex in nature. ' s - ’

complex and culture—specific. Thus I share a substantial anount of Jim's

reaction to Anne's paper in the sense that the myths and the comménts on them

tend to be so broad and sweeping that it makes it somewhat difficult to tease

out the partial -aspects of reality or the unexamined questiona that night be

associated with them. _ R

But I think we have to acknowledge the difficulty Gf identifyidg myths

about teacher preparation. Whether it concerns the teacher shortage in

science and mathematics or not; it's a difficult one. 4nd I think the -

difficulty emerges in part from the nesud to address natiomal concerns that

have a modest consensus; while we real.ze simultaneously that most

generalizations can be contradicted wi.h specific exceptiona at Tocal ;ng
regiondl levels.

2 the task is fraught with the inherent challéﬁge, I think of maﬁing

§85 vai statements that are characteristic cf’many, though c1ear1y not all,

persons or programs or institutions that are concermed with tevcher
preparation.

that we take a myth and talk about it in terms of all or none in total, as

opposed to most or some in part. For example, "The schools are faiiiff”
issue. I think this statement is ‘too general and in need of greete:

specificity.

{

To say that the achoois are or are not failing in 3enerel 13 not to get us’

into a "Yes; they are;" "No; they are not" argument, but rather to atate that

it 18 the case. In certain areas we have major problems, and the ptcblems we

have are a function of the fallure to achieve some important goals at the

level and in certain fields that we would hope to do better with in the future.

hgyigg ;gf;hig or that tegarﬂ. At the same time, I thiok we need to .
acknowledge the strengths that the aschools have had, the successes _they have

had as well as failures. But I think we BhOuldﬁ t do that by turnins our

~ backs on the persistent problems. |




My concern with the other myths are also similar: They lack explication

of the complexities. For example; there are too many teachers already in .
certain fields and certain 16citions, and there are too few in others. This
situation is not new. In fact, we have had a shortage of physical science,
chemistry, physics, and mathematics teachers since 1939. But the mdgnitude of
the problem has changed. We must ask what has been done or uight be tried by

teacher preplretibnliustitutiaﬁs that will heip aiIevinte this continuing

jong~term problem:

The nytﬁ that teacher education students are not very .smart has grown in
acceptance, es ve Enow, end a nunber of etudies have cleerly denonstrated that
and teaching competence. diius, I thingfyefoqght ggtggrggeitygtftegcggg
education students or grad@ites are "gufficiently smart in general terms, for

some are and some are not. / -

Iu my view; asome of the critital questions .hete include: How can we come
to make important judgments concerning knowledge and skill sufficiency? What
is quelity? Hbet constitutea it? On what 3rouﬁda? And wvhat are some sound -

done? What can be donme on the part of thoae who prepare and hire teechers in

thia regard? . e

preperatian and thoee who do not? And wh:t we should ask is: What has been

The nyth that  teacher education programs are acadenically subs;gggetd is
not treated well in general terms, either. For some teacher education -

programs likely are substandard while others are not: The question is again

one of making needed discriminations between those’ teacher education programs
that have made or are making nignificant advances in preparing qualified
teachers and those that are not. Related questions there concern the adequacy
of program resources for quality preaervicc as well as inservice texching and

learning in stience and mathematics.

The iyth euggezttns the generti beitefs that certification wvaivers and

adaitional salary would assure good teachers is somewhat questiomable. Why?q
Because .in general it is asaumed that these strategles could help alleviate
the téacher shortage. But I don't think it is widely accepted that these

changes alone would 3uarantee quality. _
One petticular hypothests dtﬁ emerge in Dr: Flowers' discussion that was

cieer and provocative, and since I have major disagreement with it, I thought

I would give it some focused atteantion for the remainder of ny renarks.

When challenging the ayth: that teacher edﬂcation atudents EPen§7t§§7ﬁgc§77
time in professional educatlon courses, Anne questioned the level of 'the dcpth

of the scientific and/or mathematical knuwiedge needed by the secondary

teacher. She implied, in fact, that deep understanding of mathematica and
sleter] onsdq ‘Ber

science subjects could have unintended deleterious _consequences. .

reasoning seems to hg tﬁiii that the possession of advanced knowledge in

these subjectz creates a kind of emjoyment and need of intellectual = .
stimulation; a form of enjoyment and need that may b iubj.'t-upgc;gtcfggg

thus frustrating to the natheiatics or science’ tencher when teaching lower
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levels of these subjects to high school studer ts. Thus; she recommenda a

possible reduction in the depth of subject-matter knowledge reqiired of

prospective teachers since it may not be directly applied to telAching high
school algebra or biology.

intellectual activity that is enhanced when a,person has a deep and sound

grasp of _the subject matter, even when teaching the lower level courses: But

be fruitfully discussed without the further knowledge and insight available
through research. :

[

‘Both philosophical and empirical study is needed if teacher educators,

like Anne and Jim and me, are to become better informed about what are

probably no more than partial truths associaqed with our réspective views.

In fact; when I was first reading this psrticular issue in the paper, I

; was_ reminded of a meeting I attended at the Teacher Edu-ationm Council at
/ Michigan State. The mathematics department‘had propogcd as a requirement a
' fourth course in calculus. Wé, on the othet hand, were §ayiﬁg, Well, the

'most difficulty teaching their general mathematics students in ninth grade,

and they're saying,; 'You didn't prepare me for this.'

So whether there should be more or less is a questioniof great tmportance*“‘*““r“
that needs to be studied i1f we are to get this beyond a Yes, you do;”™ "No,
you don t” kind of argument. which is about where we are DOW; in my view. I

! assertions about the effects of differcntial subject-ma ter knowledge on the
' quality of teaching and learning. ) '

Related to this issue is another myth we have heard talked about here at

the conference; which 1s that elementary school teachers do not have

suffic’ent knowledge of science and mathematics in their teacher preparation

in order to do it well. Evidence suggests a number of negative attitndes and

misconceptions about science anl mathematics are acquired by students in the

elcaentary school years and the poss.bility--or let's think about it as a
hypothesis--that elementar, achool .eachers who have a stronger and deeper

successful. I thtnk that should be thoroughly examined ir a numbcr of
approaches. 1'

In terms of the secondary \eacbﬂrq--I'm talking abort the subﬂect matter

for prospective teachiers that nesd moze reality ‘testing—tiie g#3condary science

an! mathematics tzachers Jo not appear to acqyolre suffictent cncwledge about

pedagogy, iearmners, and learning ir their tea  ‘er preparatioc . to teach it

sufffciently well.




I think the secondary teachers generally find studies in theiy major

rewarding, relatively easy to master. We know "hey have particular difficulty_s
in teaching it to youngsters who do not find the subject quite as_readily
understandable or as intrinsically rewarding as they do. And 8o I am

suggesting that teacher preparation programs at the elementary and aecondary

levels might be adjusted in these ways, increasing knowledge of the _subject

for the elementary teacher, and increasing knowledge of pedagogy for the

secondary teacher; and then pursuing inquiries into the subsequent .effects on
teaching practice and student learning.

Another approach that 1 think deserves serious consideration concerna the

rewards of teaching itself. Increased pay for Sclefice and mathematics

teachers cr tuition waivers for their preparation if they teach in elementary

and secrudary schoola for a number of years is, I think, important in terms of

recruitment and retention of talented persons. We should explore and proceed

withfthuﬂgfpoesibilities. But I thick in the long run financial rewards may
not be sufficient--necessary, perhaps, but not sufficient-—and one of the most

important rewards in teaching will perhaps be overlooked if we do not seek to

better understand these rewards in general.

'

_ “here are indications that §§§§"§f the mogt powerful rewards in Eéaéﬁiﬁé

Could teacher preparation programs help prospective teachera to think about

and come to value such rewards? Do some persons enter the proféssion because

they already value these academic and humanitarian outcomca?

. 1 thirck anut the athlete who after years of success and enjoyment piaying
the game becomes a co . h and c¢--‘es to find that the winnings and achievements
of others are rewarding. Tea .her preparation programs help the prospective
science and mathematics teachlieres w.o genuinely enjoy playing the -gane, ]
particularly those at the secondary level, come to find the achievements and

the winnings of others as rewarding and as intellectually challenging as the

coach.,

téacher education. 1f theae potentialiy important rewards in teaching are to
be realized, I think we need further reality testing and research on the
rewards of teaching itself which cculd lead to some fruitful means of

attracting and kesrping talented science and mathematics teachers for whom
monetary gain is not nzcessarily the siagle or the highest good.

Since it is no* only my.h howaver, but safe *o assume that teachers
cannc* teich what +Y“ey do not kmow, it is criticesi, I think, that we gather

more informaticn on the nature and the level of. icienca and mathematicas

knowledge that teachers now have——aspecially those who are taaching these
subjects.on the basis of neither a co'lege major or minor..

¢
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In the 1981-82 school year in Michigan, for example; more than 36 percent

of all the jurior high school mathematics teachers were teaching without a

mathematics major or a mathematics minor. And for two-thirds of that set,

rmathematics teaching was the primary assignment.

In addition to finding some means of acquiring and " studying such data, I

thinR we need policy studies of State and local school board decisions,

collective bergulning issues, and recommendations frox organized teachers as

they relate to the ethical and academic judgments; recommendations, and

standards that they hold in regard to teacher certification, qualification,

and assignment in silence and mathematics teaching.

I think that our Nation has an obligation to its citizenry in general and

to parents and chitdren in part icular to monitor and make public the standards

of quality that are being held for the elementary and .econdary teaching force

in this Nzcion. It also has a responsibility to continubualy study and

describe the potential consequences to students and teachers of any
modifications in those standards:

Finally, I think research 1s crisically needed on teacher educatiou and

the teacher education programs ir the institutigns themseives: As we alil

know, tliese folks iave been the whipping persons of public and professionai
myths for genetations.i I think WP u2ed to bitter understand the curriculums

that‘they offer, the financial an  1nsfti.utisnal charactcristics and

constraints that they face, the ""f d.' the teaching that they afford; and
theiqgglifications of the stude nidy that they recriit, prepare, and

graduate.

What I am saying is that man] of the problems that we face and many of

the diffsrent viewpoinis that we hc"d about teacher preparatioa may be most

appropriately resulved by iucreased understandins and knowledge: I think

research is obvi. .31y needed i{ we are ever to distinguish mvths from
realities, and that teacher education; like teaching; ir nften the scapegoat
for those who are impatient with our Nation's educ~ti-nal progress and

problems.

There 1s a paucity of research in teaciicr educs+tion and a wountain of

myths about it. And it obviously needs more thought and bettet uudersta: Aing

on all our parts. N

Commentary: Dr. Lee Shulman

Continuira with my attemg* to relate some of :his to a research agenda; I
will make a couple of brief comments before tirning it over to the third
Jincussant this morning. As you know, there is very poor, if any; empirical

evidence regarding the "elationship between how much teaéliers know, a3

represented by their tes- scores in some areas, and the changes in tes* scores

produced in their students. I think the character of that research suzgzests

that it probabiy 1q the wrong way to ask the question.

%ajf
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But there has also been some research that attempted to identify what

iinde of difficulties are associated with teachers who lack certain kinds of

depth in their subject areas. One of those sorts of difficulties seems to be

particularly provokeéd in the kinds of settings where kids do a gteqt deal of
independent discovery activity and are thus highly likely o come up with

unpredictable, unexpected reformulations of the material being *aught.

There was a dissertation at Michigan State by Jan Shroyer that identified

similar problems; asserting that in many ways the best defense against

unpredictable, though often creative and inventive; responses by students was
a form of instruction that accepted no unueual student reaﬁbﬁéés. Ve call

torpedoes; full speed ahead'"

We had some case studies of teachers who vuiried in that way; and the depth

of their knowledge seemed to bc ome of : .2 reasons they taught in a particuiar
fashion.

aAnother obeervanion, Judy, wculd be that I thint we vot only have to ask

the qhestion, "Do we need ore or less?” but, "How should it be organized?”

I think it 1s quite conceivable that we don't ueed any more; but that the

curriculum in mathematics or science that the olks in tiose academic

disciplines provide is not organized in a mauner that is appropriate to the
preparation of tzachers.

1 also have a hypothesi§ ﬁhich I thiak I ehared with you y,atexday, sd

that 1s that the curriculom in mathematics or wmcience, if properly underatnod,

is not well organized_for the teaching of methematicians, eithir. If that

curriculum were reformulated so as tc be organized Iin a teachable waiy; it
would also be much more comprehemnsible to people majoring. in matheratics or
the sciences than it is right now. < .

Odus Elliott, Aessociate Director for Academic Programs,

Arizora Board of Regents

in the areas of teacher education and aathematics and science education, I

aust agree that Lee‘s characterizatiom of me as a civiliaa is probabiy pretty
accurate. A term that would ve-haps be a little more accurzte is "amateur.”

thia. For example, most of the time an amateur is » little more eae;;yff B

forgiven for his shortcomings and oversights in his presentation: Secondly,

he iz often allowed to be a little more ped:strian in the types of thiugs that

he ezié. So I hope you will keep those th’ngs in mind for me as the civilian
member uF this panel.
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As Lee mentioned, the perspective that I bring to this conference is that

of one segment of the State-level governance structure of our diversified and

highly decentrslized system of education in this country. By "governance

structure” I mean governance units such as the State legislature, the

zovernor's office;, the State board of education, higher education governing

boards; higher education coordinating boards in some States, and even local

district governing roards.

with this kind of perspective and background, I read Anne's paper a 1itt1e

differently frou the other two discussants. I viewed her paper not as an

attempt to provide a defigqitive philoscphical, polished statement about
teacher educatiﬁﬁ. but more as a vehicle for this conference to begin to

tdentify some of the majon_prnblems that we see and that we face in this area

John Taylor called last fall and asked what we were doing out in Arizona

in the area of teacher shortage In mathematics and scilnce. I explained to

hia that his call was very timeiy because a few days pricr to his call

Governcr Rabbitt; who was at that time rurning for re—eleetion, had issued his

platfor~ concerning education issues in the State. And his platform went
somethin;; like this:

We need to increase the university admission standards to
require students to have more mathematics: and science ir.
high school.

We need to establish summer prograus at the universities o -

for high school students whc are gifted atid talerited 1in

masthematics and science a: ras:
We should establish a student loan program for prospective

teachers and waive repayment obligations if those teachers

fo on to teach in elemeniary and secondaty schools in the
State.

He said, "Let's form summer institutions, mathematics and sciepce

institutes,; to allow our t ichers to upgrade their gkills and to allow

retraining of teachers who want to enter thcse specialtien.”

He said "Let’ 8 change ou; teacher certification requirements to require

computer literé :y along with oiher aspects of teacher preparation.”

He said, “Let’' 8 establish a pilot program for *ncreasin5 the rompensation
of science and muthematics teachers in seleccive districts acinez the State."

These arz not new ideas for most of you. iuéy are not inicvative ideas.
But I think the Governmor's recognition 1 the problem is  at is siy.ificant

in t! | anecdote:. It was important enough tos um o make it one of his ma jor
campaig.: issues last 7,11

The other candidate for Govermer dida't lave such an educa iaﬁéiﬁiséggﬁ
component in his platform. Governor Bzbbitt was re-elected by a very large

margin.
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I am not sure we can conclude from that that he has a strong mancate to

bring about his programs_in education; but that may certainly have been a part
of his success. It is also significant because; as a followup to his
election, the Governor has recommiended for the 1983-84 budget that $500,000 be

allocated to begin to implement and initiate some of these programs.

That is not a lot of monmey; but looked at in’ perspective of what is

happening. in Arizona and what is happening in a iot of other States; it is a

significant development. Why? Because he is recommending for most State

their current year' 's budget., To be proposing a new program in the area of i}

' mathematics and science teacher training and education, I think reflects his

view that this 1s tndeed a vital area:

_After all the discussion yesterday about the éﬁaféagé'aaa atout the
problemp in mathematics and science education; I assure you it's a real

pleasure to offer this note of optimism and encouragement as one State begins
to deal with ~his problem

1 would like to offer just a few comments about iome: of the points made in

Arme’s pap: . Iz the fdentification of the problem, I think I would place a

JittZ: more. emphasis on the economic foundation of the problem: It was
3llud.id to by a couple of the speakers yesterday. Industries in this country
have not_kept pace with industries in other countries in high technology
areas. Consequently, our indust~les are suffering, they are scrambling, they
are trving to catch up, they are being affected in the marketplace.

Consequently, those businesses and industries are raiding our schools for

employees and at the same time are demanding gradgates from our school system
who are highly skilled in mathematics and science. .

I think this is one of the major reasons this problem has gotten the

atteution of many of rhe political leaders or at least some of the poiitical

lezders in this countzy: They recognize the importance of having well trained

human carital to rebuild the economies; voth of the State and of th:. Nation.

Aniie suggests cha* it's time for chaige, and I think many are veginning to
agree and to suppott that argument or point. Some of the organizational
change studies I kave sr~~ have ~oncluded that often changes occur 1:

organizations because ot . ‘~side pressures and forces or because of top~down

kinds of mandates withiz th: crganization: =

I think this {a one place the governing structures of our education
systems can contribute to the solution of the problem. They can becnme & part
of that cutside force that keeps "this issue in the forefront and that

contlxues to place pressure on our diverse and deceantralized system to grappie

and to deil effeccively with this probiem.

The problem is exacerbated by the decisions of some of our governing

boards to increase high school grad-~+~ion reyuirements in mathematics and
science; -na also to increas- admis.. ‘' requirements for ourWGO;lgzgs and

universities. As we begin tv si1y to the high schools, "You've got to give

students more exposure to mathematics and scieunce subjects," those high
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schools are faced with the frustration of wanting to do that but iot having

adequate numbers of well prepared te: thers to respond to those outside

pressures.

One of the myths Anne mentions is that certificaticn walvers will bring
good teachers to the classroom. Several people have already addressed some of

the problems that arise as a fesult of giving certification w..vers to people
who may not perform well in the classroom: Waivers are certainly not the best
solution, but they may be a necessary interim measure, at least until we can
figure out ways to improve the productivity of the teachers we have or

increase the number of teachers available. Walvers should be temporary and
they should also require somie type of intensive training in pedagogy to

strengthen people who do not have adequate preparation in that area:

__While we have heard a number of criticisis of the teacher certification
waiver movement; I have not heard very many siiggestions from the program
p-esenters about what the schools are going to do if they don't get waivers

for J-dividuals who may have some sgkill and som: ability in mathematics and

sclen=2,

A frequent complaint that I hear fEBE-@éé@;éi@Eéiﬁiiéfgiédgatedrfrﬁmfﬁéﬁy
of our teacher education programs is that there 1s too much duplication in the

content of tez-her education courses. They said that it may be possible to
provide students with the necessary skills in less time and in fewer educat: “:
courses 1f we take a close look at the possibility that we may be duplicating
:mg Uf the content in those coiirses. -

In Arizona the State Department of Education has launched & statewlde

eroject to identify precis:ly tiose skills that are needed by the classroom
ceacher. and that project has included a great deal of participation by
teachers in the State. The goal is to revamp certification requirements in

the State to focus on specific skills; rather than on having completed certain

traditfons. course: that we find as a part of most of our teacher preparation
programs around the country.

__ _Another myth is that if we pay more, we will get the teaciicrs. Teaching
is 2 profesrion that raquires a commitment to values other than materifalistic
v4ilues: We must make it possiile; however, tor those #ho do hnave the value

system; the skilis, and the commi ~>nt necessary for effective tec~hing to

maintain a reasoo<bie standard of livitg: And I think we can begii Ly

improving the salaries for mathematics and science teachers as one of the.
strateglies for eliminating the shortage:

_Now, thi< may require an increase in taxns; and that 1s s rard pili to
swallow fur people who are responsible Ior aaking decisions zoout taxes.
given the condition of our economy in most of our Stati<; it 2< not likely
that State revenues and local schoo.. district tax striic.ures ars scing to
generate the tax revenues that are nseded simply as a result of economic
growth. at least mot during the next courie of years. I hope I'm wromg. 1

hope our economies turn around fast caough aand that our systems of taxaticn

But

will gemerate more dollars based sm ecomomic growth, but that may not happen.
A considerable amount oi courage and foresight would be needed by our elacted
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political officials to come to grips with that problem and look at the )
possib‘lity that we may need to e ‘ther reallocate from existing government
services or programs or increase taxes to genmerate the reverues necessary to

bring about changes.

programs in the university transferring into teacher education programs,

several from engineering programs:. He went on to explain that these are not

students who are flunking out of the engineering programs; they are not

etudents who are having academic difficulty over there; but they are students

they had earlier decided to pursue.

That 1is an encouraging word; and I would be interested to know if anyone

eise is beginning to see any kind of flow like that between the other academic

programs on campus and teacher education programs.

Another myth is that teacher education students spend all of their time in

professional education courses. This has already been alluded to so I will

not spend a great deal of time talking about the level to which teacher
education students should gain competency in their particular. discipline. But
I would add just a couple of things that concern‘me as a civilian or as an

amateur in this field. I wonder if a teacher who has not completed advanCed
~ourses can fully appreciate the aignificance, the importance, and the -

relevance of the basic courses in mathematics to the advanced courses: And I

wonder if they are not more effective teachers if they have a good grasp of

raizrionship between the various levele of mathematics.

the relevance an ;tv

Another comment Wi I do not think was made earlisr on this fopic 1s that
we may be doing a disservice to the teacher education students if we do not

encourage them to go on and attain higher levels of ccmpetence in their field,

whether it be science or mathematics. The reagon is this: They may not be

teachers all of their working lives; and 1f we do not encourage them to attal-

a high level of competence in their specielty, we may be encouraging them tq

put a 1imit on the other types of career options they may have after they
dacide to move on to some other type of career. .

One of the proposale that Anne made near the end of her paper was that we
need to give more emphasis to the support areas in mathematics and science. I

would like to add my endorsement to that: I think it is very important that
in our teacher training programs in mathematics and sclence we make sure that
the students have adequate exp:aure to English and humarities. They uzed to

be able to use the language clearly and to communicate effectively if theyfare‘

-going to be good teachers. And they must hav: a sensitivity to ethical and

humanitz ~’an concerns that may arisz from scientific discip¥iues and
gclentifis study.

a2r ; : ¢
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Finally, I have a comment about the potential role for a State-level

governance in the'strategy for addressing theseé problems in mathematics and

science. As I mentioned earlier; the governance structure includes the

governor; the State legislature, and various governing boards in the fields of

education. I think there are four or five types of activities that the °

governance structure may examine as part of their contribution to the strategy
for dealing with these topics.

units of governance structure; have a role of setting missions and priorities

for 1nstitutions within their domains. I think they can look at the needs#in
this area as they are examining what are apprcpriate mf?;ions and roles for

their institutions. Ihey also have a responsibility for oversight. They can -

press for curriculum and program review that may be needed in these areas.

In a third role; governing boards can serve as advocates for funding

improved teacher education programs with a State legislature:

access tc the media, to the press. They can continue to give visibility zo -
these problems and to possible solutions to those problems.

Governing boards and gd*étﬁénée units seem to have a littlic more ready

Finally, I think the guvernance structures have a major role to play 1n

coordination: It has been emphasized several times during our conferernce that

tlie problem before us is a complex one and requires cooperative efforts by a

wide variety of actors: I think tqose 3overning units who are responsihle

overall for the governance of the system can make sure that there. are ways in

which the various units 1n/olved in this program or 1n this problem can

OPEN DISCUSSION

DR. SHULMAN: I remind youu, Odus, that ancther meaning, perhaps the

original meaniny of "amateur,” 1s soreone who does the work fcr the love of

it: I hope ir chat sense all of us are amateurs in the field of education and

teaclier education.

and I bope you will reflect for a moment; and some of my colleagues in the

profession who may share your perspective will refleci; on what may be a
fundamental contradiction in your simultaneous call for ~greateTr depth of

One observatZon I would make, provoked by yor: comments: I am concerned,

teaching in terms of a set of sk’lis on the other.

I find it remarkable that behaviorism is dead and almost buried in

3sychology but is so alive and well ir the halls of poli-y. It would be a

little 1ike getting astronomical policy by mandatinmg epicycies.
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This i{s a very controversial issue; and I think the weight of the evidence

in the research suggests wa ought to be terribly careful about--and I'll use

an emotionally laden word--trivializing the work oﬂ educators by defining what
they do in terms of a aet of observable skA,ﬂs, when we would never ever dream

of defining the work of a mathematician in rerms of a set of observable

eicd1ls; or that of a physicist.

I think the evidence we have 1s that i...e are not particularly fruitful

ways of defining teaching competence; and they certainly do not define the
kind of competence that will lead a person to grow in the job which is

matter.

ﬁR. LANIER: Because this is such a critical issue, I want to say that one

of the reascus, in my view; that teachers are leaving teaching is that we have

cast teaching as technical work and technical activity with skills, as opposed
to professional work that requires the exercise of important cognitive

judgments: I think that kind of view may well be inadvertantly driving people

from the teaching force, because teaching is seen as technician-type work, 0¥

professional work.

~ DR. FLOWERS: First of all I want to say what a pleasure it was to fiand
that the first two discussants employ the same type of objectiiiti that I did.

v%

I would like to clarify one area that I nerhaps did not present as well as

I should have:. As we are talking about the depth of understanding of subject

matter; I am_talking sbout a reorganization, a change in the curricuium for

teaching, and for us to know the kinds of things we. are going to be teaching

sciences as they are now otrg: Jized if sci . ~e departments. ,And that 1s a

differeur kind of thing, an~ jerhaps my ] : sentation was not clear.

DR: TALLEY: Dr. Flowers usnti‘ned a very concrete suggestion @i it was

picked up by Dr. Elliott who had a counter; “"ralse taxes.” Dr. Flowers

suggested that the salary diffetential be msde up by psrt-time empioyment of

to the sEudents, to the teacher, to the school system, and to the _taxpayers;
but unfortunateiy I didn't hear what the quid pro quo for the business would

be: Apd I am wondering if; other than being a corporate good citizen, which

unfortuuately won't make Phe stockholders too happy;,; she or any of the:

tepresentatives of indusisy in the audience have thought about the benefits to
the compary which gives up full-time employment of what we would imagine to be

a very valuable exployee.

DR. FLOWERS: I think, one, it could enlarge the pool for the industry or

for the busipness itseif. Another, of course; could b:z a tax incentive if thac

; DR. TALLEY Enlarging the pool again benefits all the companies, and the
stockholders want the officers of the company to make prgfitsifor them, not

for all automakers rather than Gemeral Motors: But otler than tax incentivee,

does anybody have 2ay idea about how the :ompanies could benefit?



a
DR. SHULMAN: 1Is there someone from industry who would 1ike to respond?

MR. RUNSC'ER (Tim Buescher; ALCOA): In respo-se to that statement; I

gue: . Mz lasue for us from industry is really a lonmgitudinal one: Assuming

that we aire uot in a liquidation process—-and I hope we are not--we are gotng

to need quulified graduates today, next year; 10 years from n ”’K 20 years from
now. And if the school systems are nct providing those, then bbviously we zre
going to have to get involved--and we are, because we have that concern.

So if it means employing a teacher for the summer, call it an outreach

effort; if you will: Trying to measure it from a stockholder' 8 standpoint may

be a lit:tle difficult; but we think the issue is much broader thanm this
quarter's profitability. 7 '

3!
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SCHOOL SYSTEM RESPONSE TO THE PROBLEM OF
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TEACHER SHORTAGE IN SGIENGE AND MATHEMATICS

THE TEACHER SHORTAGE IN MATHEMATICS AND SCIENCE:
THE LOS ANGELES STORY :
&
Rosalyn Heyman, Assistant Suﬁerintendent of Secondary Education,

Los Angeles Unified School District

For the past several years; the shortage of qualified mathematics teachers

has been severe; for the past 2 years; the shortage of sctence teachers has
become a serious concern. Among the factors contributing to the shortages are:
( ‘

e increasins numbers of teachera, especiaiiy in e
wathematics and‘;cience, are leavinrg the classroom for
higher paying jobs in government and 1ndustry. Some

offer the added benefit of paying for college and

university courses leading to advanced degrees;

<

'a declining number of college students are pursuing

°
.teaching careers in every subject field:. Among the
1982 entering freshmen at U.C. Berkeley, less than 1
:percent specified an interest rn teaclhing;

e increasing numbers of mathematicz and scisnce teachers
‘are reaching retirement sge;

° .man& ‘lousevives with teaching credentlals who ceuld

‘have been attracted back to teaching in times of

emergency are already employed full-time in the work
force.

3

In order tp teach in a public school in California‘ a teaching credentiai
(licenée) 13 requiréd, which is aiuthorized by the California Commission for

Teacher Preparation and Licensing. Full credeniials are issued; upon _ __
recommendation, of a college or university, to teéachers who have successfully
completed tie required courses in .their subject field and :- aducation and who
have completed|'a studeut teaching }ssignment.” In order to help solve the

teacher shortage problem; the Comm#ssion issues emergency credentials for the

current year only to applicants thzt the District finds promisipgg and 18

) willing to hiré Mathematics and science emergency credentialled employees

have varying iegreés of preparation--some with basic credentials in nonshortage
fields;, but mobt with no credential at all. Therefore; holders of Eﬂergenc§
credentials must; while they are teaching; complete some university course

work and pass ﬁécééﬁar? examinations in order to obtain a full credential or

to have their emergency credential renewed for a second year. ; -

¢
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One measure of the teaching shortage 1s the number of emergency
credentials issued to’teach mathematics and science. .n the 1980-81 school
year, within the Los Angeles Unified School District (LAUSD), 169 emergency

. mathematics credentials were issued; in the 1981-82 school year, this number

rose to 333 in mathematics and 82 in science: In addition, the District

granted another 157 limited assignment permits to teachers with credentials in

other subjects so that they could £ill in and teach one or more mathematics or

sclence classes. In 1982; the figiures climbed to 508 emergency mathematics

credentials and 89 emergency science credentials.l
_ . R o o _
Large nunbers of theae teachers lack adequate preparation. For example,

of the 1,444 teachers teaching one or more mathematics classes inm gecondary
echools in 1981-82, an informal sampling revealed: ..

36% vere mathematics majors (547 teachers)

30% were mathematics .inors (436 teachers)

32Z were neither mat! .2atics majors nor minors (461 teachers)

Last S-otember, the District was able to open school with a contract

teacher in every classroom for the first time in 12 years. This result came

about in large measure because of the Cifficiult economic situation: During
that past summer, the Tersonnel Division interviewed hundreds of applicants;
many of whom applied because th:y were unable to obtsin employment in

The shortage will, however; continue to grow for thesa reasoma:

as economic conditions improve, many teachers wiil

.
return to the higher paying Jobs in goverument aund
industry; ' , o -

e  ipcreasing numbers of mathematics and sclence teachers

are teaching retires.:nt age;

o State and City Boards of Education are proposing

increases in the number of years of mathematics and

_science required for graduation from high school; _

¢  universities and colleges are increasing eantrance
requirements.

year of mathematics would require 121 more mathemarics teachers; to add 1 year

of sclenc: would require 162 .ore science teachers.

As “equirements are increased; shortages become greater. To add one-half

_ What bes been done to solve the problem? A revieéw of the past 20 years is
in order. o .

10f the 508 in mathemstics, 300 are :ull-time mathematics teachera; of the
89 1o sclence, 72 are full-time science teachers.

190
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The Cuban Crisis

In the 1960°s, the Cuban crisis brought many learned refugees to this

land-<mathematicians and scientists, university professors and school teachers:
_ Representatives from the District went to Miami to recruit: Preliminary

credentials were issued which allowed these professionals to teach while

attending required university classes in the evenings and on weekends. The

university classes coupled with the on-the-job training that each school
provided were not enough to hold many of these teachers. The honor and_
respect given the teacher or professor in Cuba was not found in the junior
high schools of lLos Angeles. Those who were most successful were alert and

.perceptive in the classroom and well enough organized to readily implement the
classroom management techniqies they were being taught at the local school.

Many left teaching; those who remained have continued to provide excellent
instriiction for young people; severzl have become highly respected counselors
and administrators.. i T
The Engineer Layoffs |

2
_ In the early 1970's; when the defense contracts in the Los Angeles area

were moved to other parts of the country; industry was compelled to lay off

hundreds of engineers: These massive layoffs provided the District once again
with a source of personnel willing to teach mathematics and science, and the
District recruited large numbers of them. The District gave them jobs, helped
them obtain the preliminary teaching credential, made the arrangements for

them to enroll in a university or college to complete the necessary coursework
in education. On-the-job training was provided by the District and the local
school, and the college or-universityalsc offéred some supervision of

~ " instruction. As with the Cuban refugees, the engineers were unprepared for

what the junior high school had to offer. Many soon discovered, or =
rediscovered, why they had chosen not to teach in the first place. Teaching
is difficult. The engineers; like the Cubans; were very knowledgeable in
their subject area, but were not able to apply effective teaching and
classroom management techniques and did not have any background in learning

theory. Large numbers left the profession before completing their training;

many more left as soon as industry started rehiring: The few who remained are
doing an excellent job.

§ﬁﬁﬂﬁerjﬁg§ms' pgrams
In the late 1970's; the Eiétiiét,stai?ﬂﬁ,éumﬁérfprbgramé,cb retrain

substitute teachers; elementary teachers; and secondary teachers with
credentiais in other subjects. The Commission for Teacher Preparation and

Licensing created a credential for these people to obtain--the Supplemental
Authorization Credential. A teacher with a credential in another subject
could take 30 quarter units in specified areas of study, such as mathematics
or sclence, and obtain a supplemental credential. For the .mathematics

authorization credential, 1 year of college calculus is included.

One of the District's first efforts was a 6-weeck summer workshop taught by
an experiericed District teacher: The teachers attended for a full day for 6
weeks and were paid a stipend: The dropout rate was high, but those who did

finish stayed with teaching.




__ In _the 1970's, sciente @achers regularly participated in NDEA workshops
offered through the colleges and universities. These workshops helped. '

teachers update their knowledge and skills. Much of the funding for these

fine science workshops ia no louget available.

Internship Programs

Two years ago_ the Disrrict contacted the Commission for Teacher .
Preparation and Licensing and aszked for permission to institute a_ number of
experimental internship programe. The request was granted. The District held
a consortium of all the local (v .‘egas aud universities and approached them

with the idea of providing inte . ~p programs for District employees who

wanted to change their credentfa < to add om mathematics or science: In
conjunction with this, thé District created an advisory board which included
méthématioé éﬁd ééiéﬁCE té&éhér§ ééléétéd B? tﬁé'téééhéré ﬁﬁioﬁ. Aé the

internship programs,rthe advlsorv board made suggestions and ultimateiy

approved each one and sent it on to the Commission for Teacher Preparationm and

Licensing, which granted final approvai:. Some were successful; others were

not. Some of the colleges and universities had tuition fees that were
prohibitive for working teachers; and the District was not in a position to
help financially. There was great interest in these internship programs in
the Spring of 1980; when the District bhad announced a large teacher layoff
slated for June. When June came, the District did not hdave to go through with

3

the layoff, and so interest in the intérnship programs declined.

The next step was to provide programs for teacher: holding emergency
credentials to get full credentials. The eame patterr vas used. The _

universities and colleges were contacted and made aware of the needs of the
teachers. They all cooperated and offered to provide appropriate summer

programs. The District then compiled a 1ist containing the mame of the

university or coiiege, the contact person, and the telephone number. This

notice was sent with 'a personal letter to every teacher holding an emergency
credential, urging that teacher to_contact one_of the schools to enroll in a
training program leadinmg to the full credential. This prograf was very
"successful and is being repeated yearly.

~ The latest District effort has been to embark on a joint university/ .
District internship retraining program to train mathematics teachers. UCLA
was selected; primarily because it agreed to match the District monetary ?
investment in the program. Out of 105 applicants, 41 were selected, and 29
are still in it. The program started last summer w1thithe trainees taktng

uriiversity classes, followed by a 3-week workshop offered by the District's

mathematics specialists. ‘The teachers were paid for the 3-week workshop..

Their university thitton was also paid; so their major expenses _were for books

and parking. During this school year; the trainees are continuing in a
university course and a practicum each semester. Next summer, they will
complete the training with a 9-unit university segment. During the ‘year, the
District has provided a full-time resource teacher who visits and supervises

the work of the trainees in their junior high school mathematics classes and

provides individual and group inservice training: The decline from 41 to 29

can be attributed in large measure to the difficulty of the ‘mathematics



courses required by the university. The university soon recognized that the

accordingI?. The District worRshop included lesson planning, learning theory,
and classroom management techniques. The program 1s considered to be a
success.

) - , L
Late last year, the legislature funded an’; #.proved the "Investment in

People” program: Administered through Los Angtiep County Schools; the program
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development of their staff in mathematics, science or
computer literacy;

the training of the 29 teachers who are in the

®
LAUSD/UCLA-sponsored mathematics training program will
be continued; and

° universities and colleges may write proposals to help

train emergency credentialees in mathematics and

science (both USC and California State University at
Los Angeles plan to submit proposals).

partnerships with Industry, Government, and t}

To resolve the growing shortfall of mathematicians, engineers; and

scientists needed by industry, govermment,; and the military, from time to time

various partnership programs have been proposed:. Last fall our Sdperintendent,

working with the President of Cal State Dominguez Hills, proposed a plan for

mathematicians and scientists in industry to donate several hours a week to .

instruct high school pupils. For many reasons; this "Pilot Program" has not

yet started. :

Development of National Engineering Resources Project, a group from igdggg;yiﬁ
and the military. The groiup 18 interested in increasing support of university

and secondary school science and engineering ‘facilities and in providing

additional incentives to attract science and mathematics teachers at the high

school and junior high school levels. Through an ad hoc committee;

representatives are presently exploring a number of possible action items:

1. To sponsor dnd support legislation which would alloﬁ:
for incentive payment to shortage-field teachers hired
in the State of California.

2. To review national legislation directed at improving

instruction in gciénce and mathematics, with the

intent to support and lobby for its passage.

L1

&



3. To comsider the funding of sclence or mathematics

chairs at local high schools which would provide extra

teachers in those fields; reduce class size; increase
teacher prestige; and offer outstanding imstruction.

4. To.provide one or two periods a day instruction from
engineers and mathematicians assigned from the

military and industrial sector.

5. To provide engineers or mathematicians from industry
to act as professional experts; releasing a classroom
teacher who then could visit indiustry or observe other
oitstanding teaching.

3 mathematicians from industry and the military.

7. To provide funds from industry for the purpose of
retraining mathematics teachers of and for the
District. ° .

8. To provide equipment or funds for equipment to upgrade

the mathematics and science departments in junior and
o senior high schools.

' 9. To study the possibility of granting sabbatical leaves
from industry and the military to engineering and
nathematics staff members to teach in the public
schools for a year: The half salary from the

industrial complex plus the regular salary paid by
the District would be enough to compensate those

specialists at their normal rate. .
10. To provide sabbatical-type leaves for teachers to work
in industry and therefore become upgraded in the

fields of engineering, mathematics; and science.

The group plans to develop a 5-minute video presentation to use to solicit
funds from large industries. "

Fellowships
 Another group of representatives from business is presently conferring
with the District about the possibility of offering 50 summer fellowships to
mathematics and sclence teachers to upgrade their skills.
MESA

: The Mathematics, Englneering; Science Achievement Project (MESA); active
in 30 california school districts, has as its purpose helping minority

students go to colleges and universities to become engineers, mathematicians;

and scientists. It has chapters in several Los Angeles Unified School
194
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bistrict high schools. Representatives from business and industry work with
minority students ﬁh@fﬁ*ﬁt to go to college to insure that they succeed by
providing tutoring, field trips, study sessions, and generally providing a

high level of support to the schools. The group raises funds from industry
and receives a matching grant from the State 1egt§iature; .
Sask_Fte ]

 Another proposal is the formation of a task force under the leadership of
the State Department of Education which would include representatives of =
business; industry, government, the military, and the schools to explore ways

of solving the shortage of mathematics and science teachers and to keep up to

date those\presently teaching mathematics and science.

Anyone Can : A Myth®
=4
. Experiences have shown that the fact that a person is knowledgeable in his
subject field does not necessarily mean that he can teach others. There are

few "born" teachers; yet most people can be trained to become adequate, if not
outstanding, instructors. The skills; strategles, methods, and techiiques can
all be learned, but they cannot be learped overnight, in a week, or in one

crash course: The semester of student teéaching under the supervision of a

master teacher is still an important part of learning to teach. During this
training period; the student teacher has an opportumnity to try out strategles;

to apply learning theory, and to conduct daily discussion and evaluation of
each planned lesson with the training tegpher;

E.T. = Educatlonal Technigues that are "Out of this World"

they qutirgcgiQe training in learning theory, learning <tyles, classroom _

. \ien mathematicians and scientists and others want to become teachers,

_management techniques, and in implementation of the teacher-directed lesson:

Many universities and colleges offer very little in the way of methodology:

It becomes necessary for the school district to provide inservice education.
The District provides extensive staff development programs for teachers aimed

at improving their skills and making them more successful in the classroom.

Science and “Mathema

A good teacher candidate 1s a bright, knowledgeable (in his subject area),

alert, sensitive, patient; enthusiastic person with genuine interest in young
people. With these qualities; such a person can learn and become a top

science teécﬁéﬁ or “mathemagician.”

Long Range Considerations

While this paper has dealt with some programs in place, and some lmmediate

plans for the near future, it must be emphasized. that the problem requires
Qong range solutions that will attract the very best mathematics and science
majors to the teaching profession: In order to do that we must:
e . reemphasize that teaching is a profession; .
195
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equal to that of other professions'

EEER lééiélétioﬁ ﬁhiéh élloﬁs the school district to
be competitive in salaries for shortage-
field teachers:;

° constantly remind college students that §§aéﬁiﬁg is

one of . the most exciting and personaiiy and

] instill a renewed self respect ia the téacher; which
comes from a feeling of security om the job, adequate

salary, and professional recognition for a job well

done.

Schools of the Futuve

1f- long range solutions do not come about the Nation may be iorced to
impiement, before the end of this deoade, the school of the future. In that

school, great and important concepts, knowiedge and understandings will be

presented by master teachers on videotape: Students will interpalize these
concepts by interacting with their own personal talking computers. Small

assistants. Other _computezs_ will provide drills to learn and master essential
skills. Mastery of essential skills will be a prerequisite for advancement to
higher levels of learning. The progress of each student will be carefully

monitored and recorded by computers, and it will be the functiom of

administrators and counselors to guide each student through an individuailly
tailored program aimed at imsuring that each student reaches his highest

potential. . .



Douglas Seager, Curriculum Coordinator,
t Rochester (New York) City Schools and

Tn 1981 the National Science Teachers Associition surveyed high school

principals from icross the Natlon #n an effort to dscertain the percemt of

newly employed science teachers who were unquaiified. Here's what they

found. . In nine census regions; the lowest percentage they found was 9

percent; the highest 84 percent; and the average was 50:2 percent: i’hen

compared region by region with the pervious year; three regions were down; at
most 3 percent, while five-had increased;-one of them by 17 percent. But — = -
these statistics only indicate a problem with newly employed science teachers.

Let us look at teacher shortages nationwide by State. In 1980-81 there were
43 states showing a shortage of physics teaghers, 35 were short mathematics
tedchers and 35 were short chemistry teachets. In 1981-82 even more States
reported shortages of mathematics gnd chemistry teachers, although one less

State reported a shortage of physics teachers.

In one well-to-do suburb of Rochester; N.Y.; it took over a year.to fill

one physics opening. Just last week two of three candidates for a permanent

has changed her mind about teaching--preferring to be dropped from the
substitute list.

The Program for Rochester to Interest Students in Science and Mathematics

(PRIS2M) was estabiished in 1978; not to respond to the problem of teacher

shortages,; but rather to help increase the number of minority students
eligible to enter engineering and other high level science.prograns. A
relatively small effort, ?RISzﬂ has nonetheless found itself closely
associated with many concerns regarding science education. In retrospect it
may be that PRISzM'§ appearance was inevitable. The crisis now surfacing
had its origins several years ago. A few of ?RIS?M'Q responses Seem to be

significantly broader scale.
>

But first; let me present a brief overview of PRIS2M itself: In 1977

Willis Sprattling; a semior official with the Xerox Corporation and member of

the National Advisory Committee for Minorities in Engineering (NACME), =
challenged the Board of Directors of the Industrial ﬁiﬁi%gﬁéﬁt Council (IMC]
of Rochester; N.Y.; to study the probleg of minority parity in engineering. .
Soon after; the IMC established a task fforce to evaluate the_challenge loca

and; if appropriate; to establish an idplementation plan. -
result. of this extensive evaluation effotrt.

PRIS2M is the

~ Located in a high technology center (Rochester), the City School District
has realized a very low number of minority students electing to take sclence
courses, even fewer majoring in science and mathematics:. In two predominantly
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minority high schools; we found a total of five students taking physics in
1978. Consider the following: approximately 40 percent of the Rochester work
force is employed ig industry, a total of 140,000 people. Most of our

companies are hbased on technological products and services; there is almost no

heavy industry here. As a consequence, technical and engineering skills are
in great demand. Because so few minorities ever consider engineering as a

career, opportunities for this segment of our population to acquire positionms
leading to professional snd managerial rank are limited. Concerns on the part
of both_ education and industry have resulted in a joint ventire to increase
the number of minorities majoring in Sclefice and mathematics so that more
students will eventually be available to the increasing technically oriented

work force in Rochester. In the long run, our goals are in keeping with those

of NA&HE-—gﬁ:GIIEEﬁt in engiﬁeefingiand other techmical programs by 18 percent

of Rochester's minority student population. Nearly all of PRIS2M's programs
take place within the City School District; with the full support of the Board
. of Education and Superintendent of Schools. In fact, one—third of the Board
of Directors of PRIS2M is made up of school district personnel. One-third

represents the Rochester community, and one—third comes—from industry.  This — —
group encumpasses considerable resources and helps provide many of the people;

-materials, and "in-kind" contributions which play such a significant role in
the total program: "
A l0~year funding commitment was made in 1978 which will total

approximately $2 million in direct contributions for operating expenses and

program activities. Numerous and variec in-kind coutributions make the total

financial commitment well in excess of tiat amount. Entirely funded by some

26 local industries, PRIS2M receives an average of $200,000 per year, nearly
half of which supports projects directly impacting on students. Iwo full-time
staff members carry.out the program activities. One curriculum coordinator
with extensive curriculum development and teacher training experlence works -

hand~in-hand with the science/mathematics department and staff of the

Rochester City School District. Primarily responsible for initiating and

implementing academic programs, currfculum, and summer activities, the
curriculum coordinator also links the school system with mary resources from
iocal industry. The community relations coordinator enjoys a high degree of
acceptance from the minority community and bridges the community, educationm,

and industrial resources while promoting the goals of the program to leaders
of these organizations.  An executive director from the Industrial Management
Council oversees these linkages and promotes program support at the highest

levels of industry, education; and the community.

Interventions

. Dwind2ing interest in science during the cruclal ages from eight to

thirteen years prompted our first level of City School District program

””””” If students do not like science during the middle/junior high years,
they are not likely to select sclence courses at the high school level. Our

response to this dilemma was to initiate a supplemental curriculum project
designed to provide a motivational alternative to the existing curriculum. We
iooked at the problem this way. Eavision a fummel, widest at the sixth grade
entry level end, but considerably narrower at the midpoint constriction where

ninth graders enter high school: The spout represents the narrowest part—



consistent ﬁith higﬁ échb\oi éﬁrbiiﬁént in §'¢iéﬁ'cé. iﬁ terms_ 5£ stijdent

science/mathematics courses\rill increase.

Supplemental PRIS2M activities for selected minority high school

stodents entering the 8spout o£ this funnel must be motivational; they must

T freguentiy and consistently, and they must be appropriate. To these
en PRIS4M teams have been established at every grade level within each of

‘the city high schools. Here the PRIS2M interventions are certainly .
noteworthy. \

\ urther, they fust maintain passing grades

and continue to enroll in the Rege*ts-level courses. Ninth graders would
necessarily then follow a 4-year sejuence in both disciplines. Required team

activities include one monthly visit\ to a preplanned industrial presentation

which emphasizes the importance of at least one fundamental science priunciple

upon which that industry s product(s)\or service(s) are based. (See Appendix.

A which 1ists industrial presentations;) Conducted during school hours, but.

located at an industrial site; the presentations are seen as a function of the

§Euagg§ s school program,; although initiated,; developed; and funded by
PRIS

\

a variety of activities including science \fair project development, career
awareness seminars, financial aid programs|for seniors, and special seminars/
programs on science/mathematics current is

es; Heid after school hours,

building and several team "PROS;" or role models from one or more of the local

industries supporting PRISZM. Social events, fund raising activities, and a

team comradery develop a sense of belonging as well as interpersonal support
systems between team members. For minority st udents, heretofore noticeably

making 1t positive. :

Additionally, three special sutmier prOgrams\Eor PRISZM team members
round out these unique interventions for our students. A 3~week Science/

Mathemiatics Summer Workshop emphasizes direct learning '“hands-on" experienee

for 100 ninth graders. Following the tenth grade\a l-week biology-based camp.

experience continues the sequence of speciai programs. After the eleventh

year; a 9~week “Orientation to Engineering” program includes 1 full week at a
local university followed by 8 weeks of internship\training for which stigents
are reimbursed by the industry in which they work. | bnder diIELt professional

enjoys considerable status and is credited with cha ging noticeably the

attitude and work ethic of many of our students. ey simpiy seem to be

engineering facility, or other technical operation. The PRIszyfprqgggm

different studerits as entering seniorz than they were as departing juniors
orily 2 torths earlier.



delivery of good science education. This includes a wide spectrum of concerns
such as “too much to teach,” "the kids are not interested,” "the school does
not support science,” "too many nonteaching duties,” "no variety.in m
teaching,” "no consistency in my teaching dssignment,” and “pareuts do nobt

support sclence.” I believe "burn out” indicates a lack of satisfaction and

incentive for the job of teaching science. Many of the above concerns can be.
blamed for this and certainly add to the "drudgery” of teaching sciemce as __.
perceived by many science teachers. The status of science education has been
lowered to second class throughout the school curriculum, and the role of

science in our society generally has resulted in a populace which is largely
gcientifically illiterate.

~ Teachers are migrating out of the profesgion with g66d reason. Sofieé enter
industry for better paying Jobs; others change careers to escape bells, -
cafeteria duty,; and dwindling student interest. But still I attribute many of

__the losses to .the lack of professional satisfaction and incentive. To quote
Tom Lamme in a recent (December 1982) letter to the American Federation of ~~
Teachers (AFT), "Many qualified teachers are dissatisfied with more than their

economic status: Once they have mastered the challenging emotional demands of
teaching; many discover that the intellectual challenge is inadequate. They
are bored....Too many teachers can only watch as the exciting sweep of
technological progress passes them by. They may try o keep up as hobbyists

or readers, but there is little opportunity” for them to become imvolved

firsthand. School districts are content that classes are ‘covered’' and

provide lttle incentive for coursework beyond a certain level. Teachers who
pursue their interests in technology at their own expenmse oftem find
themselves in demand by industry. The next surge of industrial expansion will
take more of these teachers out of the classroom and open more attractive
options for those qualified graduates who are needed as new teachers:”

. Can anything be done about this? PRIS2M's long term objectives include
the development of positive attitudes and remewed enthusiasm on the part of
science teachers for the career of teaching science. Efforts’im this =
direction are multifaceted and provide teachers with a varlety of professional

vacation.

New Curriculum Development

To date the most significant of the professional opportunities has been

the formulation and development of an entirely mnew junior high school/middle

<

school sclence curriculiim for the Rochester .City School District. This effort .

alone has directly involved 50 teachers over the past 5 years and has resulted

in an unique process skills curriculum which incorporates several very special

roles for the science teacher. In fact; as in any curriculum development
project, the commitment of the principal contributors extends well beyond the
initial involvement and often results in increased motivation, renewed

enthusiasm, and increased self-esteem: This aspect of PRISZM represents one

of our major resporses to the problem of "Teacher Shﬁttégé_iﬁ Science and
Ma thematics.” :
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Although the entire process is important to the development of a new

curriculum, I will discuss here only_the salients features pertaining to

teacher motivation and incentive; ~First* each selected science and

mathematics teacher becomes the principal author of one completely new science
unit: All of the principal authors -also develop at least one module -
(activity) for each of their counterparts unite. Social studies writefs

specialist oversees the grammar, reading level, and appropriate student
jargon. A graphics specialist works with all writers, and a grade: level
project coordinator supervises the entire process. Checks and balances

throughout have helped to ensure that the overall unit objectives are indeed

satisfied by the content developed for each unit: The resulting science units

soon appear in pilot classrooms where they undergo intense_ scrutiny.

Pilot testing is; of course; carried out by science teachers;,in many_

‘cases different teachers than' those who authored the material. This level of

the total number of professionals.

'E'r o é’” 'S' ']" ’j 7'5 EE . ) ' . . B

o

Teachers work hand-in-hand with professional minority role aaaaig'ca
deliver the three summer programs referred to earlier. 'pur 3~week lo g

rewarding that they begin calling in to inquire about preparations a?@,Pl39§l,
as early as February., By the way, some o5f the summer workshop activities have

found . their way into these teachers’ regular classrooms, and a few activities

are now built into the overall curriculum project mentioned earlier.

Additionally, two teachers conduct a speclal sclence camp for post-tenth

grade students; and two others teach during the 1l-week "Orientation to

Fngineering” for post-eleventh graders.

fven more unusual perhaps are some of the specific components of the
PRISZM curriculum. Let me discuss how some of these components tend to

iini’qu’e ?eatur'es@f—eh%curpieulum” the Curriculum

The curriculum deyelopment process represents a unique kind of teacher.’
inservice training for the writing staff. Our process combines research on

science teaching from the National Science Teachers Association (NSTA),
studies regarding the early adolescent from the National Science Foundation
(NSF), trends in science education from the National Assessment of Educational

Progress (NAEP),/current literature on sclence activities, and process skills

¢
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appropriate to the junior high school student. Further, consultants have
impacted on the thinking of authors/teachers as they help to formulate goals
and techniques desiguec to deliver science to studects in a motivational way,

while incorporating meanipgful .science skills and experiences. .
- - VAL SR S-S
~ Once the curriculum materials have been prepared; the writing staff become
the teacher-trainers for a cadre of pilot teachers. - In this way the curtent
s research findings as well as the new activities and approach to teaching :

science are enthusiastically conveyed to a larger dudience. Remember, too,
that the writers and pilgt teachers work together in the school district

providing immediate feedback and support when questions arise. This invplve-
‘ment with writing and teacher-training seems to enhancé their commitment to
the science teaching profession, to say nothing of their increased enthusiasm
for teaching a unit which they authored:
The Curriculum Format | -
' _ Also unique to this curriculum is a degree of flexibility-which allows tha
téacher some choice of units to be taught: Required units will ensure that.

) basic process_skills are covered:. €hoice units may be drawn from a repertoire
of other PRISZM units; or even a strong "conteut” based or “textbook"™ unit .

of the teacher's chofce may be included.. As students in junior high school
need to learn to make decisions, so are teachers asked ta do the same: If,

- for example, a teacher perceives the need for his/her class to study certain -
conteiit areas, then the opportunity exists during the choice.units to do $0.

Still the overall emphasis on development.of process skills will not be
diminished. Some téachers, less willing to forego their traditional curric-

ulum;, have accepted our new approach because it doesn't limit them from

teaching a favérite unit-or chapter from their own repertoire.
- _ _ _ ‘a.
The Teacher Module }

~ Most significant of all the unique features perhaps is the development anp
incorporation of the Teacher Module as a part of the new curriculum. Simply
stated, each science teacher is required to carry out some form of ongoing
sclence exploration and to continuously share both the: process and the results

with ‘students. The importance of this type of role modeling should not be
inimized. - S

 When students perceive their teachers to be actively imvclved in their
chosen field personally as well as professionally, the developent of a role
model image begins to form. This image may very well enhance the status of
science in the eyes of our young people, since their teacher is seen not only
to be a teacher of science, but one who finds the tenets of the profession

worthy of being incorporated into private 1tfe:

Many teachers exhibit tfieir particular field of expertise beyond the
‘classroom; Music teachers are likely to be involved in the performing arts by |
playing in.a concert orchestra, a local band, or by teaching youngsters music
through private lessons., Physical education imstructors often are iavolved in

) sports and .physical traigips outside the school day. To a somewhat lesser
extent, teachers of othe ecialized subjects continue.to pursue various
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facets of their training through personal time activities, such as the English
teacher who writes poetry; the history teacher who serves as a Community

The "Teaclier Module” is the vehicle which allows the science teacher to

‘role model the scientist. It formally establishes a place in the curriculum

for the teacher to select a_problem, activity, study, or science-related hobby

to pursue and share with thd class on an ongoing basis: : —

To encourage this; PRIS2M has initiated several incentives for science

teachers. First, the Rochester Council of Scientific Societies (RCSS) has

enthusiastically begun a series of meetings between active industry-based
research scientists and city school science teachers. Major outcomes of the
first of these meetings include a review of research principles used by active
scientists and a disciission based on soie of the currenit research in progress

right here in Rochester. Also, because RCSS provides many of the local

science fair judges, considerable discussion centered around the attributes
of a good science project, including heavy emphasis on process; diligence;

interpretation of data, and formulation of new problems. The second

incentive, offered by the City School District (CSD); is a small grant for
special equipment or materials needed by the teacher for his/her research

project. An unstated incentive resulting from direct contact between

scientists and teacher is the development of personal contacts which will
enhance the delivery of science to our students.

One anticipated long term outcome of this relationship between science
teachers and scientists is the eventual utilization of teachers by area

scientists for carrying out some level of supplemental research in the science

classroomn. Beyond this, we anticipate some degree of significant summer

employment for selected science teacher researchers:

L
'Of the fifty curriculum developers involved with PRISZM, two are
currently enrolled in Ph.D. programs; concentrating in the field of

educational evaluatiom, one editor niow edits the Sclence Teachers Association
of New York State monthly newsletter, two are currently editors/supervisors
for final editions, and the rest are still teaching. There have been no

losses to new careers! By way of contrast, during the same 5-year period; 18

other CSD classroom science teachers have left the classroom altogether.

Over the past four years, 169 students have participated in our

Orientation to Engineering program. One hundred eighteen are now high school
graduates, 66 are currently enrolled in college, and 33 are now in engineering
schools. "

iy S

1. Develop a process for upgrading the status of junior high/middle

~ school science eudcation, including a process for identifying and
selecting science teachers committed to working with the early
adolescent. ‘ i
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2. Support the dé?elopment of junior high/middle school sctence

curriculums which are based on:

a. development of basic process skills and integrated process
. skills;

b. providing students with some cholce of topics within the ,
curriculum; and °

" requiring some form of E'E‘iiﬁ'ﬁt"i;oﬁi“'_m—*’céw“ studyorproject-as-a

i
L3

3. Encourage and support the participation of science teachers in the

development of curriculums, curticulum revision, inservice training,

pilot projects, and ongoing reviaion and evaiuation of local science

programs. .

=y 0 | :?tj(; ;




INDUSTRY PRESENTATIONS

INDUSTRY TOPIC

Bausch and Lomb Opt:tcs :

Case-Hoyt Color Reproduction o

DuPont . ¥~Ray Technology

General Railway Signail Electromagnetism

Gleason Works ‘ Motion Transfer

Todak Apparatus Division Microprocessors

Kodak Park Division Chemistry of Silver

Ragu' Foods ) Microbiology

R. F. Communications Sound Waves

Rochester Gas and Electnic - Power Generation

Rochester Products Air Pressure :

SYBRON/Nalge . Latent Heat ¢

SYBRON/Taylor Electronics e

Xerox : —-Computer Aided Deaign S T
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TEACHER SHORTAGE IN SCIENCE AND MATHEMATICS:

WHAT IS HOUSTON DOING ABOUT IT?-

Patricia M. Shell, Superintendent -for Instruction. —
Houston Independent School District

_ There were days during the 1978-79 school year when as many as 6,000
secondary students in the Houston Independent School pistrict sat in .
mathematics or sclence classes without @ certified teacher. —On September 1,
1978, there were 47 secondary sclence and mathematics teacher vacancies in the
district. On September 1, 1982, there were two mathematics teacher vacancies
and one sclence teacher vacancy. This dramatic change resulted from specific

actions the district, the Nation's sixth largest, has taken to address one of
education's most critical problems.

It is important to have an understanding of the circumstances which were
the impetus for the district's actions: _In the second half of the 1970's, the
Houston Independent School District was facing many of the problems common to

urban school districts across this Nation. Approximately one-third of all

public school children are in urban districts which are responsible for
educating a mobile population, with large-numbers of children who are ~ ~° "
éé6ﬁbﬁiééll?7§ﬁdfédﬁt@tiéﬁgl}yi@;gadvantage&; bilingual, or from one-parent

families or families in which both parents are employed.

195,000 childrem, or one-tenth of all children enrglled in public schools in
Texas, are eunrolled in the Houston Independent School District this current.

The Houston Independent School District provides af example: - Approximately ——

school year. The student body is 43 percent black, 32 perceant Hispanic, and
22 percent white, with a growing number of children who are Asian/Pacific _
Islanders. Approximately 6,000 pupils are children of undociierited workers. .

. -This year 29,000 children-have-been identified through testing as having

Limited English Proficiency (LEP). While the majority of those have Spamish ———
as the other language, 96 discrete dialects have been identified. Compensatory

education programs serve over 50,000 childrenm; and approximately 100,000 are

eligible for either free or reduced cost lunches.

. There are 20,000 handicapped children in programs of special education.

of all pupils, 70 percent have neither pareat at home during the day and 38

a whole 18 39 percent, and some inmer-city elementary schools have a 99 percent
mobility rate. A major school-operated transportation system carries students

percent come_from single-parent homes. The mobility rate for the district as o

to the 240 campuses scattered throughout the 311 square miles that comprise
the district.  An operating budget of approximately $500 million is approved

" for the curremt school year.

’

76 all of these complex factors, add the problems of gheer size, the’

difficulties of moving about in a large city without an adequate mass _ _
transportation system, the media's continuing portrayal of urbau schools as .
places of violence, and the discrepancy between teachers' salaries and salaries

offered by business and industry in a metropolitan center dominated by finance



and the petrochemical industry. These are the factors which contributed to

the increasing difficuity the Houston Independent School Disrict was having in

THE PROBLEM

on September 1, 1978, there were 34 secondary mathemattcsiteaghgr 6&&&5&1&5
School

and 13 secondary science teacher vacancies in the Houston Independent

District. With each teacher scheduled to teach five classes a day, this meant

———————that—a—totaliof:235:classes.of_mathematics_an sclence; each with an average

of 25 students for a total of at least 5,875 students, did not have a certified

instructor:; Investigation has shown that there are probably large numbers of

students who graduated from certain large high schools having received nearly

‘all of their secondary science or mathematics instruction from substitute

teachers. ) .

Not surprisingly; there was, in this same time period increasing evidence
that while achievement test scores of the Houston Independent School Distriét
elementary level students continued to climb, secondary students were not
achieving at expected levels. The district was also experiencing a shortage

of teachers in special education and bilingual education: - There was,; e

moreover, evidence that some teachers currently employed did not themselves

possess a level of skill sufficient for their teaching assignments._ During

this and the next school year, it became clear to the top administration that

__the teacher crisis-the shortage of qualified teachers in critical fields suchm‘

report to the Board of Education.

What is the teacher crisis? The teacher crisis is a

dramatic shortage of teachers in critical fields such as

mathematics, ‘science; and special education. It is high -

teacher turnover in urban schools resulting in detrimental }

instayiiity in urban classrooms. It is placing before our
students; teachers who themselves cannot read, write, and
compute in an acceptable manner. It is high absenteeilsm

and low morale. It is a complex conglomeration of factors

which has resulted_ in widespread wavering from traditional

standards of excellence. At a time in the history of

civilization when the demand for learning 1s greater than

ever before, the ability of the public schoois to perform

the task has been seriously jeopardized:

HOUSIQNAiNﬁEPENDENT SCHOOL DISTRICT S RESPONSE TO. THE PROBLEM

~ The district's responses to the problem, an incentive pay plan and @
school-based retraining program, have been a dramatic departure from solutions
traditionally espoused in public education. But the approach to introducing

these plans followed the pattern set during the last 9 years by the General

Superintendent; Dr. Billy R. Reagan. That approach 1s to communicate the

scope of the problem in every way possible to all segments of the community--
school staff, parents, business community. Staff vacancy reports and studeut

_test scores were made public in every availaBle forum.
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_ Videspread community support was expressed whea the Board of Education

adopted the Second Mile Plan, an incentive pay plaid for teachers, effective in -
September of 1979. The plan; an-expression of determination to attack the -
teacher crisis aggressively, was hammered out without benefit of precedent or

example, for while the concept of incentive pay for teachers has long been
‘debated in education circles, it has never been comprehensively worked out and
implemented until now: As of September 1982; Houston remains the only major

urban <gchool system to implement such a planm.

-

The Second Mile Plan targets four specific areas:

improvement of imstruction;

shortage of teachers;

staff stabilization; and

recognition of teaching as a rewarding career.

v

The purpose of the plan is to reward those teachers who go beyond the

minimum required to meet the instructional needs of their students,; teachers

who go "The Second Mile.” The plan provides financial incentives over and

above their normal salary to teachers who teach in curriculum areas or campus
locations where critical shortages exist. | A ‘ L

| Teachers must meet certain minimum requirements to establish eligibility
for stipends and then must apply for each stipend. To be eligible; an
employee must:

hold an appropriate valid teaching certificate or permit; = .
be assigned to a school or imstructional §ice;\<
be paid on a teacher salary scale; )
__have an ‘acceptable performance evaluation; o
“have limited absences (there is currently a plan which allows

absences to be averaged over a 3~year period, with a 3-year
total not to exceed 15 days, or 5 days per year); and :

¢ be a fulltime teacher; murse; or-librariam. : R

An employee may qualify for a bonus stipend in each of six categories;

ﬁﬁiéh are obviously consistent with the four main target areas the plan was
designed to address: s C

e  Contributing to.Outstanding Fducational Progress by

Students

Previous academic achievement and a numbe. of other
factors are used to predict the expected test score
averages for each school campus. If the school's
average score exceeds the predicted score, each_
eiigible teacher receives an $800 stipenu. °"This
component is especially attractive to the business

community which is accustomed to rewarding

demonstrated productivity.

-
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Teaching in an Area of 6riticai Staff Shorta g

Eéch year the personnel 6ffice deterﬁines the
instructional areas which have critical staff
shortage, with preference given to areas under Féderal
mandate or required for graduation. Since,;the
inception of the program 4 years ago, stipends hHVE
been given to teachers of science and mathematics,
Vbilingual and special education. Currently, high

-school mathematics and science teachers are eligibie

for $800 stipends. Stipends for special education

teachers range from $600 to $900. Biiinguai teachers

~—may earm an extra$1,000— Tt isanticipated that—

these stipends will be raised within the current year.

K

Teaching i a H;gh Priority Location

5

Teachers who remain in schools with high

are eligible for a $2,000 stipend.

ieninine Ourstanding Tescher Abtendance

While an attendance factor is included in the

eligibiiity requirements; special stipends may be patd '

to teachers who exceed these baseline requirements or

__are absent 5 or fewer days during the year. The

teacher must work in the district the following year
to receive the stipend. .

Eartieiggtigg4in42rofessionaircrouth4Activities
Teachers ééﬁﬁiétiﬁg coilege courses in curriculum
areas related to their teaching assignments .or in_
areas of:-teacher- shortage are-eligiblé for stipends.
Those who voluntarily attend district approved.
inservice may also apply for professional growth o

stipends. For each 6-hour block of college coursework

are avallable either-because the students are not at
the school long enough to be tested or because the

tests; may_ receive the unique campus assignmentf -
stipend. Teachers receive stipends ranging from $450

to $750. These teachers are not eligible for.the

‘olitstanding educational progress stipend:

p("
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*  Predictably, reactions to the Second Mile Plan have been varied. As
noted, the business community has supported both the comcept and the -

expenditure of.several million dollars each year to implement the incemtive
pay plin. The three teacher organizations representiry Houston teachers have

opposed the plan, arguing that funds spent for the plan should be used to

provide across-the-board raises or fringe benefits for all teachers. But more
than half of the district's teachers responded to a research department survey
that the plan should be continued. Those who received stipends rated the plan

more favorably than those who did not.

After 3 years of operation, many positive results of the plan are evident.
7 In the four critical areas for which stipends are paid, total beginning of the
———— .—year vacan ea

vacancles decreased from 195 in 1979 to 30 in 1982. During the years —
from 1978-79 to 1981-82, total district teacher turnover for all reasons ' s _

reduced by 6.8 percent. Absences of teachers in the critical -staff areas were

reduced from an averags of 10.3 days a year in 1978-79 to 7.l days in

1980-81. Over $17 million in stipends has been paid to teachers dufing this ™
3—year period, with many eligible teachers augmenting their salaries_ by more-

than $3,000 per year. Title I funds are used for the high priority location

stipends; all other stipends are paid from local funds. .

*  The district continues to monitor the results of the Second Mile Plan and | _
to modify the plan to meet changing local geeds. There is ample evidence that
financial rewards to teachers through a carefully administered incentive pay

plan can help meet one of education's major crises. f’

 During the 1981-82 school year; the Houston Independent School District
B *'implémented~auother—proifé£::§26jééthéé;chééWh;;hfdige;;;gfga;ge§e¢j§§g__m;;;v:w;;

shortage of ‘mathematics and science teachers. Project Search is a local
school district staff retraining program, operated in conjunction with local

unjversitiés, which identifies and recruits already employed teachers into.
training programs leading to certification in mathematics and sciemce. ~——~ 7
Flementary level teachers with some collége-credits in mathematics or science

and an interest in teaching one of these subjects at—the middle/junior high

school level were put into an intensive tuition-paid program this.past

summer. Likewise, middle/junior high school teachers were recruited for-—.. -
training programs leading to certification for high school science or T
mathematics. S

 The district not only paid for college tuition and books, but paid these
teachers a $250 per course stipend as well. The $250 stipend was contingent

upon an A or B grade. Teachers in the program signed agreements to remain in

the district for 3 years in mathematics or science positions or else to repay
the district the cost of their training. 3

~ Over 300 teachers came to an orientation meeting designed to recruit 50
teachers for retraining as mathematics teachers. Careful screening for good

. academic records, good evaluations, and good recommendations from principals .
followed. o 7
. s
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SUMMATION : ’

At the end of the first training cycle this summer, 34 teachers were

placed in new aesignments as mathematics or science teachers: In spite cf

careful screening, some applicants could not maintain the required all A and B

grades and were counseled out of the program. Two participants have moved

from the district:

These are the major actions taken by the Houston independent Schooi

Distric: to address the shortage of m mathematics _and_science teachers. A

determiination to address the whole issue of the image of the teaching

profession, the number and -quality of students being recruited into the

profession, and the quality of the teaching—iearning process permeates the

district and is expressed in many ways. Standards for promotion and .

graduation are being raised; a comprehensive staff assessment and assistance

program ;giﬂnderway, technology is being used to support the instructional

process and plans are proceeding for the opening of two magnet high schools.

all subject areas.




. DISCUSSIONOF =
_ SCHOOL SYSTEM RESPONSE TO THE PROBLEM OF
TEACHER SHORTAGE IN SCIENCE AND MATHEMATICS

North Chicago Public Scheol District No. 64 _

Y

As a practicing superintendent for the last 10 years; I am interested in

efforts undertaken to solve the problems of the shortage of mathematics and

science teachers:. The presentations we have heard attest to the variety of
concerns and the kinds of activities that are being tried.

_The Los Angeles story, in my opinmion, is an eclectic approack to the -

problem of the shortage of teachers. I applaud the wide range of activities

and considerations that are involved in the Los Angeles program. I did not \

have any major concerms with it: I think that the activities to upgrade; _ \
retrain; and credential teachers are extremely important as we deal with the

shortage.: . . "

I do not feel that the school system had time to consider some cof the

theoretical concerns of the various activities. This is understandable ' _

because the requirement for school systems is not deliberation on theoretical

underpinnings of the program approach but immediate movement, action, and

responses to educational problems-—such as the teacher shortage. R —

~ One important thing Los Angeles is doing similiar to my school system, is
involving the military as well as industry in their endeavor. North Chicago .
is unique in that 50 percent of our students are connected to _the Great Lakes

Naval Training Station: Further,; we involve Abbott Laboratories, ome of our

largest taxpayers: They have donated microcomputers to our school district.

I applaud the PRIS2M program for taking the initiative to increase the

number of minority students capable of entering schools of engineering. While
some may say focusing in on minority students might be narrow, I think the

curriculum development outcomes and the other activities improve the =
mathematics and science curriculum and have systemic values. So in the long
run you are improving your educational system at the same time you are

creating a climate for success amongst minorities.
One of the program’s dangers, I would say, could be the development of

elitism among the participating students. But on the other hand, if you are _
getting increased student interest in participation, if you are increasing the

numbers; which is your objective, then certainly in .this case elitism is mot
bad. : ‘

I like the idea of the teacher module. Many times when we recruit

teachers, if I am recruiting an art teacher; I will ask, "Are you an artist or
an art teacher?” This is a very difficult question for uwany applicants to
answer. Usually they come back with some kind of response which will come

R

down the middle, to indicate that they do have the talent to perform but that
they are interested in teaching and their commitment is to teaching.
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I think there is no better way to stimulate young people tham to have

sclence teachers, some part of the time, acting as scientists and

demonstrating that capability. So I 1ike the idea of a “scientist in

residence” type of model which Douglas Seager talked about. The program in

Rochester .exemplifies the kind of things many school districts are talking o

—  — —about-whenthey talik about cooperation with industry.

-iew .—. Patricia Shell; in Houston you need not apologize for having the money.
If you have the money; spend it. You had a teacher problem. You responded to
~ the problem. You had the monies for programs so I recommend that you should
continue your programs as long as you're getting results.

Soile may comment, "Well, what about the district's overall teacher force

quality? Are you doing anything on that end of the spectruu?” I believe that
you are concerned about the quality of all teachers. From what I know about

Houston and Billy Reagan, your Superintendent; I'm sure you're attacking that
particular problem; too.

program——are you rewarding people beyond the minimum? What about the ordinary
teachers? Does it promote in some way a kind of mediocrity? Another concern
might be: Rﬁﬁ practical is it nationwide?

_I know you are concerned about Houston, but I have a concern about the
problem in general, as I'm sure you do; too; so the practicality of it might . — —nr
— - ~be a concetn. Agaln, 1f you have the money and you are in a position to spend

it, the outcomes--while we may cavil from a moralistic point of view—-indicate
that it works.

E.B. Howerton, Jr., Associate Superintendent for ]
Personnel and Administrative Field Services,

Department of Education, Commonwealth of Virginmia .

I'ti going to take the liberty of jumping to tha end of my remarks.

Frankly, I think Dr. Thomas expressed it very well. We had an opportunity to
confer just long cnough to decide that we were in total agreement. There is
absolutely no question whatsoever that the three plans preserited are workable.

They are plans which there should be no apologies for whatsocever. They are

programs that we have had the opportunity in our own Commonwealth to review,

to cousider,; to implement to a certain extent. .
_ Very quickly, Virginia happens to be a State in which 38 percent of all of
the school diVi§i6§§.iﬁdi??t?@,?bis,EEBE,?EEQQI,X??E"Ehat they had extreme

difficulty in secufing mathematics and science teachers. As a matter of fact,

42 percent of the division superintendents responded that they were unable to
secure credentialed personsvin the area of physics. Among our public colleges :
and qﬁ;YergiE%ggé which number 36 in Virginia, we had only nine graduates in

hy

_ the area of physics; and only two of those pursued a career in teaching. I W
¢ don't think these statistics are unlike those which are found in many other

States. -




" Let me share for a couple of minutes some of the cautions that I think cam
be extracted from the three projects, and these relate more to the level of

affinity which I have than to any position of opposition.

“One, I think the question of salary differentiation is one which should be

looked upon very carefully. I am still concerned about the English teacher

who spends many, many hours at home in the evening grading papers and happens
to be next door to a mathematics or sciemnce teacher who would not necessarily

have that same task yet would be compensated differeatly.

I thiak we bave to be careful in making an assumption that to retrain
anyone necessitates that they take everyth‘ng that one ﬁb’iildi 71@:‘}5 taken just

as if they were beginning their training from the outset. Corollary to that

1s the doubt that ome can be retrained by simply picking up where they happen

to have left Off many; many years earlier. I don't think we have found, from

the very limited studies which have been made of retraiming efforts, that ome

retains all of that which ope learnedmany years earlier.

_ The issue clesrly s wmultipiled by two other factors, mamely, that many
States (37 States) are comsidering increasing the requirements for graduation
from high school by ome unit in mathematics, one in sclence. And the =

statistics were provided here today that that would iacrease the number of _

required sectious of both mathematics and sciénce by anywhere from 15 to 25

percent, depending. on_the State in which you happen to reside. — - —

" Pat; one aspect of your program that I had the opportunity to review is
that of performance as a factor related to pay. I think performance is

clearly a factor; but I would caution anyone against using performance as the

single criterion, or actual classroom teaching performance as the single

criterion, upon which an incentive would be afforded.
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IR SESSION VII
PUBLIC AND PRIVATE SECTOR RESPONSE TO THE

PROBLEM OF TEACFIER SHORTAGE IN SCIENCE AND MATHEMATICS

%
ARGONNE SUPPORTS PRECOLLEGE EDUCATION - )

IN SCIENCE AND MATHEMATICS

Juanita R. Bronaugh, Director of Affirmative Action Program,
Argonide National Laboratory

Argonne Nationail Laboratory was originally created to perform nuclear

reactor-related research: In recent years the laboratory's efforts have

. expanded-to embrace studies of many other energy technologies. The laboratory
takes pride in the fact that over half of its employees, 1,800, are scientists.
and engineers who hold advanced degrees and many of whom hold joint -
appointments with the University of Chicago. Interaction between the
laboratory. and the university community has existed for a long time.

[—4

However, Argonne 74 faced With the fact that, like other research.and

development .facilities, it must compete for well trained scientists and

engineers in a highly competitive natiomal labor market:; Because emphasis on

solving problems of decreasing industrial productivity, environmental stress;

—= " and shifts 1[-the—ecouomy are—bringing the demand for technlcal people to .

cerisis proportions, innovative ways had to be found to increase opportunities-:

and to effectiveiy utilize highly trained manpower.

As a member of the research community that has traditionally looked for
permaneut employees from the pool of postdoctoral students, it was in
Argonne's self-interest to help improve the quality of precollege education.
Therefore, the laboratory's Division of Educational Programs has developed

several formal precollege activitiea designed to bring about participation on

the part of teachers and students in research programs:

Although there was acceptance of the fact that the Nation's sclence and
mathematics education was 1n a pernicious state; the precollege thrust-was mnot
readily accepted at Argonne because of several widely held myths. Among the
myths were: the goals of the laboratory and the public schools are not
éomﬁétiﬁlé;,certain,segmentg of the soclety are incapable of understanding the

concepta and pagicipating in the fields of science and engineering; and

professional sciéntists and engineers would not be willing to associate with

””blic school students and/or teachers.

. The objectives of our programs are twofold:: (1) to prepare a future

generation of reéééféﬁ?ra, and (2) to increase the scientific literacy of the

populace as a whole.




Presently,. Argonne National Laboratory sponsors and participates in

programs aimed at assisting precollegs students. These programs are described
below. N i .
I. High School Susiier Research N

The High School Summer Research Apprenticeship Progran is designed to
encourage.minority and female sophomores to continue their high school studies

' in science and mathematics during their junior and senior years. The students

participate in a 6-week program which offers exposure to a broad-spectrum of -
energy-related research-programs at Argonne and to Arjonne's scientific and

engineering staff. The program also enhances the studemts' educational

experience by .providing supplemental work in mathematics, science; and

communication skills:

L ~ . - _
 an applicant for the program must be in the upper 20 percent of
his/her clasg and have completed 2 years of mathematics (through geometry), 1
year of biology;] and 1 year of chemistry. Applications for participation are
Area. Although all the students accepted in the program must have met the
required criteria, there is a lack of uniformity in the kind of mathematics,
biology, and chemistry courses the students have completed. Therefore, it is

necessary to begin the program with structured classes to ensure that all

participants begin with a common knowledge base.

, During the 6-week program, emphasis-is on small group research’
projects, instruction in computer science, elements of nuclear physics,

crystallography, environmental chemistry; and scanning electron microscopy.

Lectures and laboratory experiments are conducted by ain Argonine sclentist or
engineer. _ : " 7

~ There-are other programs aimed at increasing the number of minoritied
and females entering scidnce 2nd engineering in tlie Chicago area. But until
the implementation of Argomne's sophomore program, there was no vehicle for.
talented tenth-grade students. Programs such as Early ldenmtification and
Inroads at Illinois Institute of Techmology focus on identifying the
academically talented student in the  junior year of high schdol: Now students

who participate in Argenne’'s summer program feed into the ITT Programs during
their junior year of high school. After graduation, some of these students
return to Argonne to participate in the Precollege Program in Science .and

Engineering (PRE-COOP).

II. Precollege Program in Scien

4

This progras vas designed to provide college bound students an

opportunity to work with professional scientists and ‘engineers and to.

encourage the student to persevere in his/her studies in sclence, engineering,;

and mathematics at college. The competition for this program is very keen.

Only one of four applicants is admitted to the -program.

of an established Argonne research team and either pursues somé aspect of

Fophasis in this program is on research: Each student becomes a part
the
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ongoing research independently, or assists with the efforts of the group.
Each student is expected to ﬁrepare a written cogent summary of his/her
research project.

‘ © ITI. Adopt-A-School

The laboratory also participates in the Chicago Public Schools'
Adopt—A—School Program. This program was initiated by Ruth Love,
Superintendent of the Chicago Public Schools, in an attempt to improve the

" Chicagd schoois with resources that are otherwise unavailable to the schools.

Through the program the laboratory provides technicians to repair

equipment, scientists to give lectures and seminars; institutes for teachers;
and tours of the research facilities.

'

One of the precollege programs Argonne is participating in was the

»

In 1981 Jane M. Byrne, the Mayor of Chieago, asked Waiter E. Massey,

Directbr of Argonne National Laboratory, to°chair a Task Force on High

Technology Development. The primary objective of the Task Force was to foster

the ‘development of new science-based business in the city and improve the _

local economy by providing new jobs and opportunities for 'its citizens. The
.Task Force-analyzed precollege education-in the Chicago area,; and recommended
"that private industries and universities in the area work with the Board of
Education to help improve the quality of science and mathematics at the
precollege level. The Task Force report (1982) states: .

When considering the location of business in Chicago, it

must be recognized that some areas of the city are

perceived as unattractive with respect to quality of 1ife,

: amenities, and services:. One particular concern is the .

Fig

quality of precollege education offered in certain areas of

the city:. Good schools do exist and the quality of
Chicago's schools appears comparable to those of other
major urban areas; however; the perception of; along with
the quality of public education, needs to be improved. It
" is recognized that this is a national problem as well as a

. regional one. . )

‘\

Richard Horrow, Presﬂdent of Standard 0il ‘Company of Indiana, convened a

meeting of representatives from high technological industries, universities;

and: research facilities in the Chicago aresa to discuss joint efforts With the
chicago Public School System that might demonstrate how the educational system
in the Greater Chicago Area might be capable of producing the quantity and

quality of skilled personnel required by new high-technology industries..
Iv. Chicago Area Precollege Engineering Progran (CAPCEP) )

As a result of this meeting, the Chicago Area. Precollege Engineering

Program (CAPCEP) was established. CAPCEP is a partnership involving.. )

industries which employ engineers, scientists, and other‘:echnical personnel—

e - - — -
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" public and private elementary and secondary schools, and colleges. CAPCEP's

bylaws state the purpose of the partnership is "...to increase the number of
minorities in science and engineering careers by providing technmical,
financial, and administrative assistance to Chicago area...school systems in
order to enrich the academic curriculum and develop student interest in these
careers.” :

' The program concepts are to be initiated in three phases.

Phase I, CAPCEP activities in this phase focus on plamning,

initiation, and evaluation. Six Chicago public elementary schools

which reflect the .racial, economic, and social characteristics of the

school system as a whole have been identified to participate in the

pilot program. CElements of the pilot program consist of

identification of meeds; program development; inservice training,
instructional assistance; and curriculum development.
Presently, the results of a questiomnaire completed by 700 elementary

school teachers are, being tallied and amalyzed. The information

gathered from this needs assessment will be used to develop the @
inservice training and other program elements designated for Phase I.
Phase II. During this phase CAPCEP's activities will be expanded to
include the high schools serving the feeder-elementary schools
participating in Phase I. A sequential program plan will be .
developed for the participating high schools. Additional elements
such as a peer support system; tutoring, career information, and

recognition activities will be included as an integral part in this
phase of the program. '

' Phase III. The program will be é?i:éﬁ&éa to include all remaining =
elementary and secondary high schools in the Chicago area during
Phase III. s L B
 capceP s unique. .Unlike other existing precollége programs in the
Chicago area; CAPCEP operates within the structure of the schools; with most

of the program's activities occurring during regular school hours.

'In addition to the precgllege programs already mentioned, Argonme is
exploring other efforts which will assist in increasing the pool of students
pursuing science and engineering degrees. Many of these :efforts are yet in

the embryonic stage. =
Twp of these programs are: TSIM and Saturday Science Academy.
V:  Tomorrows Scientists, Techniclans, and Managers Program (TSTM)

We are presently reviewing a proposal for precollege involvement with

the Aurora Public School System. The program, Tomorrows. Scientists,

Technicians, and Managers Program (TSTM), is specifically designed to iﬁcréase

the number of minorities entering the scientific; technical, and/or business
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tabor market. Unlike CAPCEP, which takes a systemic approach and operates
within the schools; TSTM will focus on selected minority students in grades 9
through 12 and conduct its activities outside the school structure.

VI. Saturday Science Academy

‘We at Argonme are excited about another prograim that will be

implemented in May of this year. The Saturday Science Academy 1s modeled
after the Sclence Academy implemented by the Atlanta Resource Center for ,
Science and Engineering. Whereas Atlanta's program is an academic enrichmert

program .for elementary and middle school students in grades 3 through 8, =
Argonne's program is designed to focus its efforts on highly talented students
in the 4th grade. : |

'We are attempting to plant the science/mathematics germ in kids at a very

early age, hoping that with proper encouragement and development some of these

studernits will become the scientists of tomorrow.

Our initlal efforts will be a pilot program for 15 participants for a

6-week period: Because we ace scientists and engineers--researchers, mnot .
educators--we sought and. obtained the services of curriculum specialists from
surrounding colieges and universities to assist us in this program. Staff
scientists and engineers hHave submitted suggestions and volunteered to give
jectures and/or demonstrations. A comprehensive evaluation is planned before
the program is expanuded.

These are programs that we are very excited about!

In our eagerness to respond to the numerous requests for assistance from

the Chicago area schools; our approach to precollege science and mathematics
education has been an eclectic one. We are now raising the questions: Is

more better? Should we respond to all requests for assistance? Are the
students deriving benefits from our programs? Are we utilizing our resources
effectively? . e

 The precollege activities are now being evaluated to determine the impact
of the programs on students and Argonne personnel. Because we are determined

to offer quality programs, we will undoubtedly .narrow our focus, concentrating
on those things that we believe we can do best. Whatever direction our
precollege involvement takes us in the future, it will be oné that demon-
strates Argonne's -continued commitment to precollege education in science and
mathematics... ’ . '

Walter £. Massey (1982), Director of Argonne, sets the stage for our
commitment when he declares: ' .

It 1s in our self-interest as members of the research

community to make sure that we replenish sclentific and
technical talent for future generations; and it is in

our self-ipterest that the populace as a whole become

scientifically and technically literate.
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SCIENCE MUSEUMS AND SCIENCE EDUCATION .

% Association of Science—Technoiogy Centers

~ To complement science education in schools; science museums offer programs
at the cutting edge of science education activities in the United States and
the world. For example; there are mobile computer vam programs, sclence )
camps,; programs for handicapped youngsters, teacher inservice training, and
the use of participatory exhibits. This papér describes many of the excellent

programs offered by the approximately 100 museums in the United States
belonging to the Associationi of Science—Technelegy Centers.

The variety of science musenm programs is striking and addresses the needs

of diverse audiences. The programs are designed for many age groups; ability

groups, interest levels; and educational levels from preschool through higher

education: The types of programs are equally diverse, ranging from the very
informal exploration of exhibits in museums to formal classroom situations
where graduate credit may be offered. A common characteristic of museum
education programs is the involvement of other education agzncies, private and

public organizationms, and the media. These celleborative efforts often have a

long history preceding the current emphasis on encouraging partnerships among

schools, government, and the private sector.

~_ Encouraged by the public enthusiasm for science museums; many communities
within the United States as well as other countries are planning or have -

recently established new sclence.centers or a new educational _emphasis for
existing museums. These contemporary science museums are dedicated to
improving the public understanding of science and technology. ‘They provide a
science education resource that is significant and not yet used to its full
potential. Expansion of exemplary museum programs 1is pessible through the

creation of more incentives for schools and museums to work cooperatively, the

-establishment of ongoing funding suppert, and the formation of a body of

research concerning education in museum settings.

Although we generally think of schools when we talk of science education,

a grgging7@@99957o§”;eergig§7a§ont science and technology is happening in _
informal settings outside the classroom. Widely availabl® computer technology

has made teenagers unchallenged experts at video games and whizzes on home

computers: There are dozens of popular science publications, spanning a wide
range of sophistication, from Scientific American and Science '83 to Popular
Science and OMNI. Although "NOVA™ remains the only regular TV series

dedicated to explaining science, other programs like "The Body Human,”

"National Geographic,” "Life on Earth,” "Cosmos,” and "Discover” regularly
attract viewing audiences of 5 to 20 miiiion (Tressel; 1982).

Science museums als: attract huge audiences. Representinig only 16. percent
of the museuns in the Natiom, according to _a 1974 National Endowment for the
Arts Survey, they attract 38 percent of the museum-going audience (NRCA, 1974).
A 1979 survey by the Institute of Museunm Services reveals that BcienCe museums

<

_ . — — e P

RN

221 |

T,



comprise 18 percent of the museums in the Nation and attract 45 percent of the

museum-going audience (NCES, 1980). If zoos; planetariums, aquariums,
arboretums; and nature centers are included; the total annual attendance is
150 million and equal to the combined annual attendance of professional

baseball, football, and basketball games (Tressel, 1982). The National Air

and Space Museum has an annual attendance of 10 million, approximately the

same as Disney World and more than all the other museums of the Smithsonian

_ In recognition of the popularity of these alternatives that make science
fun as well as educational, the National Sclence Board Commission om

Precollege Education in Mathematics, Science, and Techmology states im its

preliminary report that “...there is evidence that many students who have an B

instructional approaches currently used in the classroom. Whereas many
students do not_like school science-~-and form this opinion by the end of third
grade——many do like the scieifice arnd technology théy see on television. They .

also like what they encounter at sclence and technology museums, planetsriums,
nature centers, and national parks™ (CPE, 1982, p.7). The Commission

advocates examining the innovative instructional approaches used at such

institutions and; where appropriate; applying them to the classroom.

Many schools are capitalizing on the opportunity to "extend their walls”
by_working in concert with science museums. Traditionally systematic

collection activities and related research have been the priorities of science

miseums. Today their role increasingly emphasizes informal education_programs:

Many contemporary science museums known as science centers have no colilections

at all in the traditional semse; but still value the use of objects to convey
scientific knowledge and processes in a hands-on way.
The Association of Scilence-Technology Centers (ASTC) 1s a private

nomprofit organization founded to represent science museums' common Interests

and to provide information and services to improve museum operation. Today

the Association has 150 members, approximately 100 of which are science ‘
museums in the United States. ASTC provides a communication network through
its conferences; workshops, newsletters, and other publications; a traveling
exhibition service which manages a tour of temporary exhibits to about 50
different museums per year; and training opportunities for museum . )
profesgsionals. . The Association is funded by member dues; fees for' services,

special project grants, and corp§rété donations.

ASTC's members are very diverse, from the huge Chicago Museum of Science
and Industry; with its 14 acres of floor space; to the tiny Museum of Health,

Science, and Industry in Cincinnati, which has 2 staff members and is housed

in the former women's lounge of the Union Terminal train station. < Half the
members have annual’ budgets under one-half million dollars, and half were

founded in the last 20 years. All are nonprofit and provide extensive
education services to the public; including exhibitions, films, planetarium

shows,; classes for all ages, trips and tours, lectures, and special events.
ASTC education programs include the following: ‘

- 93 percent of science centers .work directly with the local

schools to provide educational services;
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° 89 percent provide programs especially for teachers;

75 percent have outreach services that bring programs into the
schools;

33 percent cooperate with universities to offer training for
degree programs (such as graduate level teacher inservice

training).

~ _The following are examples of the education programs that science centers
provide. They offer an update to the old stereotype of docents leading hoards
of students on tours of halls past glass cases of musty exhibits., Thééé‘

expansion and replication elsewhere.

With tiie curreant hunger for computer literacy and the 1imited access to

computer instruction in schools, science museums are experiencing a high

demand for computer classes. Most science museums have followed the model of

the Lawrence Hall of Science in Berkeley; offering literacy classes for all

ages as well as opportunities for individuals to rent time on microcomputers.

Whole school classes can register- for lessons taught by museum staff in labs
equipped with 15 or more computers. :
A good example of the science museum communityls,résponsé to this puhlic

demand is the Chicago Nuseum of Science and Industry 8 program. Their spring

anyone 10 y "ars or older.

initiated a computer club for gifted high school students. Working with an

advisor, .the students produced programs of commercial value for the /local

Several years ago, thé Oregon Museum of Science and Industry Yﬁ Portiand

community. The museum's more recent efforts emphasize younger children’s - ____

introduction to_ computers_ through classes for grades 1-3, using the Turtle
graphics of LOGO and PILOT. , N

Last summer, Pacific Science Qenter in Seattle worked in cooperation with

a local private school, which provided the facility, and several computer

pplied equipment, 2 so popular
that extra sessions had to be arranged: For a tuition fee o 175 students

'manufacturers, who supplied equipment, -to offer a computer c

spent a week. becoming familiar with computers and learning to use them as

tools to analyze marine science data they collected at Puget Sound beaches.-

In order to_make. their _programs accessible to additional audiences, o
museums in San Francisco, Portland, and Seattle operate computer vans, and The

Space Center at Alamagordo, New Mexico, plans to circulate one :later this year.
The Seattle computer van program has been selected for the National Science

and Secondary Science Teaching” category. The van brings 2 instructors, 15

Apple computers, and @ variety of daylong lesson plans to public and private

schools. Funding is provided by user fees and grants from foundations and

..

223



3

T e T L At T L s e bk o8 e o Aot . i A e« A e 4, .
T et LT TR LN v R .

corporations. Portland supplemests their van outreach program with a Rent-a*

Computer-Person service for groups needing an instructor versed in BASIC and
PILOT.

_ Several centers offer workshops for teachers and administrators to provide
basic computer literacy as well as to acquaint them with ways they can use

computers to teach science and mathematics: Teachers need to learn how to

select and evaluate software and courseware, how to manage classroom loglstics

when one microprocessor must serve many students; and how to use the computer
to help with their own student assessment and clerical tasks. Pacific Science
Center has provided this service under contract to the Washington State

Superintendent of Public Instruction and for university credit. Other museums

may offer their teacher classes independently or im conjunction with local

districts: Chicago furnighes a choice of five different brands of
microcomputers for their training programs. This gives educdtors the
opportunity to ‘compare hardware and goftware in a non-sales atmosphere in

order to make more informed decisions about district purchases.

Teacher Services

 An increasing number of sclence centers have established links with local
university colleges of education to offer teacher inservice training. A
common course offering is "How to Use the Museum in Your Curriculum” or “"Using
Science Resources in the Community” as well as many other special sciemce
topics in environmental education, astronomy, blology, social science, and

energy education. Frequently offered for gradnate credit, these courses not

only use the special resources of the museum and its staff, but also often

motivate an interest in science among teachers who avoided science during

their previous schooling-: ,
Teachers can obtain a more intensive science experience at the Discovery
Place in Charlotte, N.C., the Pacific Science Center in Seattle, WA:; and the

Oregon Museum of Science and Industry: Elementary school educators teach and
learn at the science center to improve their own science teaching quality and
develop leadership skills to conduct inservice training for their colleaghe
when they return to tHeir districts. This experience earns teachers credi
towards a master's dejree at several universities. '

- &8s well, -wuseum educators recognize the important role that classroom
teachers play in assuring that students make the most effective use of the .
museum: Teachers are encouraged to become acquainted with the museum through.
free admission incentives; educator open houses, inmtroductory aterials, and

pre-visit workshops.

_ Equally as important as the museum visit are the followup activities. The
Franklin Institute Science Museum in Philadelphia has developed the Science

””” which ave kits that teachers can take home to continue

, which ave kits that teachers can | .
investigation of a scientific topic their classes studied at the museum. Each

kit contains a poster; activity sheets, and a detailed teachers guide for _
further exploration. Other museums distribute childremn's publications, loan

kits, and provide activity packets for additional followup. <
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Curriculum Development

The Lawrence Hall of Science, part of the University of Califotnia at

Berkeley, is a national leader in the development of science curricula.

Examples of their published curriculum projects available for school adoption

include: Science Activities for the Visually Impaired (SAVI); Science

Curriculum_lmprovement Studies (SCIS); Outdoor Biology . Instructional .
Strategies (0BIS); Health Activities Project (HAP); and others. All are
highly motivational,,involving students in the science experimental
processes. In addition to curriculums, museum educators have developed
computer software and courseware for classroom use, especially at the junior

“high level.
Science Accessibility for Special Groups

5 Bringing science experiences to disadvantaged students, those with

handicaps; or women and minorities is a priority of science museums. The

Mathematics and Engineering Science Achievement (MESA) program at the Lawrence.
Hall of Science provides encouragement for minority students to pursue science

Hall's EQUALS program give women _ students career guidance and incentive to
elect mathematics classes in junior and senior high.f These model programs
-have been emulated in other cities.. Lawrence Hall also runs very successful

Math for Girls classes in their weekend and summer enrichwent program.

The Exploratorium in San Francisco offered workshops for parents;

teachers, and administrators of disabled children. Workshop participants used

the exhibits to experience the auditory; tactile; and vestibular' perception
problems often encountered by children with learning disabilities. This
helped the participants better understand the problems faced by the children
and taught them how to use Exploratorium exhibits effectively with them.

Pacific Science CEnter developed a curriculum guide and kits for loan to

teach marine science to visually impaired children. The activities are

appropriate for use by all children in mainstreamed elementary classrooms.

]

Programs for:.the Gifted _ - - :

” Many science museums offer special programs for gifted and talented
youngsters. Two exemplary programs are conducted it Atlanta and Baltimore-
The Fernbank Sciemce Center in Atlamnta (part of the DeKalb County School

District) holds a block of intensive sclence courses for able high school

students. Bused to the. science center daily for the whole term, the students

have access to the electron microscope, telescOpe, nature center, and other

special equipment facilities and expert staff at Fernbank.

The Maryland Science Center in Baltimore employs over Gﬁ;part:time .

instructors; many of whom are Johns Hopkins University ‘professors, to provide

science classes for academically gifted students who need enrichment and
‘accelerated learning. Students are selected by IQ test scores, acadeiiic

‘achievement, and recommendation to participate in these college level Student

Science Seminars: Ihe program is funded mainly by course fees.
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emphasize exporting the museum staff and resources to more distant communities.
Besides ccmwputer vans, several museums have teams of teachers; small exhibits,
and "hands-on” lessons that travel in vans to schools for daylong programs.
Others, including the North Carolina Museum of Life and Science in Durham,
provide instructors and classroom-sized inflatable planetariums for conducting
astronomy lessons that teach youngsters to use starcharts and to do their own

evening observation activities. Available for travel from the Portland museum

are "Tooth or Consequences,” developed under the auspices of the Oregon Dental
Assoclation, "Clang, Bang, Toot——The Physics of Sound;” "The Body Human,” and

other demonstrations geared to primary age children.

The Franklin Institute in Philadelphia is well known for its finme
"Traveling Science Show” demonstrations on simple machines, chemistry,
‘physics, and energy, which are conducted in schools by Institute staff: With
the support of a NSF grant, the Franklin Institute also- established exhibits
and demonstrations in a local shopping mall. Their walk-through exhibit on
mirrors and optics has been borrowed by the Science Museum of Virginia for
display in the Richmond area shopping centers. . '

The Center of Science and Industry in Columbus, Ohio; uses studenmts to

spread science activities to the schools: Funded by the General Electric
Foundation, the Young Experimental Scientists Program brings groups of five
elementary students and their teachers_to the museum for a day of experiments
‘and learning and then provides materials for the students to repeat the
activities with their classmates at school. . ]

A group of dedicated volunteers and @ grant from a Pittsburgh area
printing company @ﬁkeg”gqsa;p;gigﬁchiidren's hospital -program cofiducted by the

Carnegle Museum of Natural History. Volunteers visit the hospital weekly, .
conducting activities about dinosaurs. The program helps to alleviate some of

the children's fear about a strange enviromment and the trauma of a stay in

the hospital. . : .

The Outarioc Sclence Centre in Toronto sponsors ‘@ Science Circus which

travels to remote communities in the province for 2-week stays. Their huge
tractor-trailer tramsports 3;000 square feet of exhibits, a theater, and

materisls for workshops and demonstrations.

Special Programs and Even

: . l:

Science museum personnel are expert at devising creative programs to_

encourage learning about sciente and by necessity are also experienced at
garnering the publicity, volunteer help; and fiﬁiﬁci&%gﬁﬁﬁﬁért to sustain ;

them: To follow are a few examples.

Seattis's Banana 500 and Boston's\egg race are contests which encourage
participants to propel vehicles carryl

arrying the "cargo” by using a rabber band or
a mousetrap. These contests are generou gisuppbitéd by the tiedia and provide

-good community visibility for science and recognition for inventive
achievement. . .
226
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provides an overnight camp experience at_the museum for 35,000 youngsters and
thelir scout or youth group leaders annually. Kids participate in sclence
activities that they take home on topics such as cockroaches, crystals, and
mathematics puzzles.

The Oregon Museum of Science and Industry maintains several resident
sumiier camps, of which the best known is-Camp Hancock in central Oregon.
There campers use local study sites to explore geology,; paleontology, botany,

ecology, and, astronomy. :

The American Association for the Advarcement of Scilence and ASTC are
working .together to identify and place in the community scientists who are
willing to volunteer at sclence museums. In Durham, N.C., this program has

resulted in the science center coordinating the placement of "visiting

scientists” in elementary classrooms. The Scieﬁ;;stsfggcg;vgfsomgiguidancé

concerning the abilitles and learning styles of the kids as well as

suggestions for activities in their fields that would appeal to the

youngsters. The teacher and students get to relate to "real” sclentists,

dispelling some of the pervasive and erroneous stereotypes.

In Chicago and other cities, the local public TV station and the museum

cooperated to offer teacher workshops on the topics covered in the following
week's "3-2-1 Contact” program. Exhibits and programs at the museum were also
coordinated with the weekly themes. Museum staff developed student activity

sheets to focus a museum visit on topics from the program series.

These museum programs and many others not mentioned hold great potential

for helping to address our current sclence and mathematics education problems.
The following are characteristics of science museums that make them deserving

of the funding and research support necessary to meet this potential:

1; Museums provide unique exhibits, facilities, new technology,

scientists, and educators not available in the schools.

2. The informal natire of the museum environment allows learning

opportunities that complement the classroom. Frank Oppenheimer,

Director of, the Exploratorium, explained, "No one ever flunks a
museum....In contrast to classrooms, miseums provide a

reversible, deflectable, 3-dimensional form of education”
. (Oppenheimer, 1979, pp. 8-9):. In his opinion, museums are

voluntary, entertaining; and necessary artificial emvironments

° for learning.

3. The museum's general focus on public understanding and
appreciation~of science and technology seeks to Create a level

of science lfteracy apd enthusiasm In the community in which
school science program initiatives can flourish. For imstance,
families that attend sclence museums start their preschoolers
early with activities to enhance their children's interest in

sclerce.
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4; Scilence nuseums have a ﬁeritage of working with schools;

collaborative,manner dictated by today,s ecovnomy. They are
experienced at attracting volunteer help and media éii;ip’iji‘t;

5. Major museum exhibit programs are cost-effective. The National

Science Foundation discovered that the costs and potential

audience of successful science exhibits are directly comparable
to the costs and impact of a public television program—usually
pennies per person (NSF, 1983). Programs such as the
Association of Science-Technology Centers' traveling exhibition
service enable costly exhibits built by one museum to tour

museums in several cities, increasing the potential audience

‘more than tenfold: The Exploratorium publishes-an exhibit

"cockbook” that many museums use to build their own exhibits

In recent years the Value of science museums as an edjunct to formal

education and a catalyst for scientific and technological achievement has been

recognized by leaders of many communities here and abroad: In the United

States there are numerous small science centers being established; many by

Junior teague Volunteers, psrents, and educators._ New science _centers are

Malaysia,; Indonesia, Australia, India, saudi Arabia, Nigeria, Israel, and in. -

other nations striving for technological improvement. To accommodate this

growing trend, ASTC recently created a new category of membership for

developing museums not yet open to the public. ;

These fledgling science ceniters and the ones that currently exist will
have a much.greater impagt on improving Science education if several
challenges are addressed:_

1. partnerships--More incentives are needed to get schools and

benefit. Establishing successful partnerships requires a
gubstantial investment of time and resources initially to
identify the participants, communicate needs, inveatory

resources, set goals, and arrive at a firm commitment. This

‘process does not happen magicaiiy and may take considerable

effort and funding even before the actual cooperative project 1s

undertaken. A first step is to improve communication between
schools_and museums through participation in each other's
curriculum and ediucation advisory committees, at board meetings,

and through Parent-Teacher Associations, and other professional

meetings. In addition to their boards of directors, some

science museums have education advisory committees to suggest

the museum's program priorities in relation to the community

needs:. School administrators and teachers seive on these
committees, aééuring good school—museum cccpcraticn. Likewise,

activities.



2; Funding--Most science museums struggle constantly for support,
relying largely on earned income,.business and individual
donations; and; to a much lesse gree; on_ Federal grants and
municipal support. With the—®xception of the modest funding
from the- Institute of Museum Services, funding from the National
Science Foundatfon and other agencies has been for specific

projects of limited duration. Support for developing innovative

programs is vital, but it daes not encourage sustained program

efforts and may even exacerbate the museum's basic need for

operational funds. How do we @ssure museums' basic support

1evet so that museums can afford time to fundraise for new

programs? l 7 :
3. Research--The body of reséarch that exists in other areas, such
o ) ) as education; can contribute to what is known about the effects
’ of science education gained i the museiin setting, but this must
be done very carefully and systematically. Research models

déveIOped for the school setting may not be suitable for science

museum activities. The informal nature and novelty of the

museum environment and the short duration of contact many

visitors have wit museums must ;be considered. More research is

needed specificaii about museum practices and about the long

and short term effects of science museums both cognitively and
. affectively. Do museum field trips make a difference in

classroom learning and behavior?. Are there more gains for ome

type of learner or teacher than another? How effectively do

exhibits communicate their messages? What kinds of program

designs work best with family groups or v:;y young chii?ren?
» -

It would be a tragic waste not to overcome these hurdleés and fulIy tap the

| special resources of science museums to help address this Nation's complex

i sclence education crisis. Joel Bloom, Director of the Franklin Institute;

reminded us at the National Academy of Sciences Convocation last May_ that

"science museuﬁgfpresent informatiOn...They excite people...Museums let people

learn in their own way,; at their own pace, at their own schedule" (Bloom,
1982) :
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POLICY ALTERNATIVES: EDUCATION FOR ECONOMIC GROWTH 8

Roy Forbes, Associate Executive Director,
' Education Commission of the States

~o.

The Problem

S - . S,
Providing high quality mathematics and science instruction constitutes a

serious challenge’ to our Nation's educational success. This is particularly
significant at a time when it 1s essential to train our future workers for
increasingly technical and skilled jobs and to raise the general sclentific

and mathematical-literacy levels of our country's future citizems. Our
technological edge is threatened by a shortage of skilled engineers and . .
scientists: Technological literacy is also becoming increasingly important
for full participation in our society and for individual personal development:
Literacy in a technmologically-oriented society will depend upon knowledge of
the basic concepts of mathematics and science and an understanding and
demonstration of their applications. . )

profession for more lucrative jobs in business and industry; but the number of

. - B} ] - L
"_Not only are experienced mathematics and science teachers leaving the

entrants into mathematics,and science teaching has declined over the past ten
years. Many states are experiencing teacher shortages in mathematics and -
science and, as a result, uncertified or temporarily certified teachers are
‘sometimes filling the gap. This solution may appear pragmatic im the -
~ short-run, but it is detrimental to raising the quality of instruction in

~

these highly demanded areas.
National Task Force on Education for Economic Growth B

In response to the severity of the mathematics and science education

dilemmas facing our country, including teacher shortages as.well as other
areas, Governor James B. Hunt; Jr.; of North Carolina; Chairman of the
Education Commission of the States (ECS); established an ECS Task Force on

Education for Economic. Growth. o ' : .

~ Forty national leaders compose the Task Force, including govermors;
jegislators; heads of major corporations, education officials, and )
representatives from labor and the scientific community. Additional = .
representatives from each of these sectors provide a metwork of knowledgeable -
advisors to the Task Force: -

The Task Force is actiom oriented; drawing heavily on relevant data and .
resources that already exist. Its focus is targeted on strategies to-improve"
the gquality of high' school education, .especially the skills required for -
economic growth. The Task Force gives momentum to the growing interest and
concern among governors and corporate leaders for the  quality .of our public
schools. . . R
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" Specifically, the soals of the Task Force are to.

1. Create nationsl understsnding of the need for a befter educated
work force that is necesssry for economic growth.

2. Report on how well current education programs are preparing

education which may be used by natiomal, Stste, and local

leaders in both the public and private sectors.

4. Promote partnerships among_cg Hmun ty; . business, labor, _
government, and education leaders to improve education leading
to economic growth. J

Although its focus ts on education for ecomomic srowth the Task Force

remains cognizant of other equally important purposes of. public education,
e.g:; citizenship and personal growth. - o

Survey of State Initiatives in—Edueation

1}

The initial activity of the Task Force was directed toward governors as

the officials responsible for guiding State leadership. A State survey .

developed by ECS ‘gtaff requested all governmors to report the programs and

activities hnderwa& in their States that address education problems and
opportunities.

. The governors were asked to provide information on activities concerned
withs
® improving student competencies in mathenatics, science,

computers, and other academic areas; -

usins computers to improve education'

°

] providing incentives to attract; retain, and upgrade education
perﬁonnei, particularly in science and mathematics; and

e involving citizens and business and industry leaders in

education.

k)

Almost 40 states have responded to the surVey to- date. Aithough each

State reported a unique set of initiatives for each problem area, most of the

respongses fit into one of three categories.

® Task forces to study the issues, define the probiens, needs, and

.opportunities; and recommend new policies and programs. Task
forces focusing dén teachers are examining issues such as_ the

structure of the teaching profession, the nature of teacher v
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[ irog;amsetoeenhenceetheequalityiandiquautigg,of curriculum,
facilities, students, and teachers.

-

. Programs to encourage broader involvement in education by

: citizens, business; and industry. In the area of teacher

,,,,,,,,,

CA strategies to recruit and _attract new teachers, such as

gclence teachers. States are also implementing programs to

‘supplement the work of current teachers, such as staff sharing,

v

special summer programs, and alternative instructional

arrangements (see the policy alternatives preaented in the next :

section for more information on these programs)

‘Based. on the results of this survey and a_ follo'ii:up’ survey, the Task Force

. current programs; in designing new and - improved programs; and in formulating
their legislative proposals over the coming year. The followup survey will
request more specific information on the types of issues being studied, time- -
tables for action, and proposed recommiendations. Possible: target -groups for

the second survey include;State education agencies, iegisiators, and business/

‘education councils. The recommendations will be encouraged for use by

educators, government, -and businessfindustry officials: In addition to the

surveys and recommendations, the Task Force is conaidering a full range of

alternative products. resource documents descriBing the nature and magnitude

Recommendations——Education for Ec””””’*

The Task Force met in Washington, D.Cs, February 26, 1983; to address

strategies for improving the quality of high school education, especiaiiy the

skills required for economic growth. The Task Force reviewed a preliminary

set of policy aiternatives, which were previously shared with participants of

the NIE Conference on Teacher, Shortages in_Science and Mathematics: Myths,
Realities and Research on February _8-10, 1983. _A copy of this earlier
presentation may be obtained from John Taylor of NIE or from Roy Forbes of the

Education Commission of the States.'

In addition to modifying many of the policy altermatives, Task Force

iembers agreed to work toward developing specific recommendations tailored to

key gectors. The sectors identified thus far are govermors; Chief State

School Officers and® State Boards of Education, and business and industry _

" leaders. The remainder of this paper presents the draft recommendations for
each of these three groups as well as-a set of recommendations entitled

“"Partnerships,;” Gﬁich presents suggestions for action across all groups.

Throughout the next two months, the Task Force will develop recommendations -

for additional groups;. including State institutions of higher educationm, - S

legislators, and parents' organizations. In addition, separate sets of




4

recommendations will be developed for Chief State School Officers and State
Boards of Education. The recommendations for the business/industry sector
will be expanded. .

The final meeting of the Task Force _is scheduled. for th 4 1983., Prior

to acceptance by the Task Force of the final recommendations, appropriate
agencies and sectors will have an opportunity to review their respective sets
of recommendations. The: reader should keep in mind therefore, that the

recommendations presented in this paper will be further revised.

o
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TASK FORCE ON EDUCATION FOR ECONOMIC GROWTHw-
Actions for Governors P

The key action for Governors is to assume a strong leadership role in

supporting educational improvement in concert with State boards of education, -

chief State school officers; higher education authorities; and State
legislators.

"1. Establish a State level Task Force consisting of leaders from
elementary, secondary, and higher education; business;
government; the scientific community; and other concermed

- parties to:

[ - - ,
a. Examine the current status and needs of public
; education; especially in science and mathematics.
— T b: Set State priorities and goals for improving W,

education.

c. Recommend programs and policies to improve
educational programs.

d. ﬁobiiizefpuhiic concern and . commitment to improve
public education.

2; Take a strong 1eadership role in promoting working partnerships

at the State and local level among parents; communiiy leaders,

businesses (management and labor); governments; educators; and
the scientific community to strengthen education.

a. Invite business/industry to work with schools in
developing strategles to upgrade course curricula,
increase pupil enrollment and performance,

- increase the supply and quality of teachers in

critical fields, and improve the- public ,

understanding of the need for greater investment

in education. . B

b. Work with the State legislature and/or private.
industry to provide._ seed funds to local school
systems. to establish
teamsrconsisting of representatives from the

resources to significantly upgrade the quality of
-education;

3. Work with the legislature and/or State board, to adjust .

‘certification requirements to ensure that teachers are qualified

in both content and methods in their areas of instruction.

4|

235

et 237




4,

7:

Work with State authorities to establish a deadline by which all

teachers must be certified in their fields of instrictiom.
Then, provide funding to implement training programs for

teachers at all levels which will enable them to attain

certification in their fields by the deadline: The programs

could be established in a number of ways:

a. Summer institutes operated by institutions of
higher education. ‘

'b. . Provision of grants to support tuition and fees

for college courses offered during the summer or
in the evening.

c. Extension of employment in order that teachers
may remain employed during the. summer months to
work on certification in teacher shortage areas,

special curriculum projects; participate in

intensive training programs, or upgrade their
technical skills. :

Seek funding to provide summer employment for lead teachers and
teachers 'in critically needed subject areas to work during the

summer and develop new cutricula, teach courses; train new

teachers, work with community leaders on school improvement

projects, and improve their own instructional and manageuent

Work with State and local boards to provide special awards for
outstanding teachers in various subjects and levels and for
adiiinistratcrs with recognition and gubstantive rewards (e.g.,

. professional perks, sabbaticals; education 8ranta or cash-

bonuses) .

Work with State boards and the State education agency to .
establish a statewide curriculum study committee consisting of
educators in various subject areas, business and civic leaders,
experts on new and emerging technologies; etc. The objectives

of this committee ﬁiii be to:
a. .Evaluate current curriculum goals and standards.

b. Determine competencies students will need to
participate effective in the workforce and

public Iife of the future.

c. Update and strengthen curriculum objectives,;
especially in science and mathematics.

d. Develop a pldn for computer utilization in the
school curriculum. : -



Establish a statewide testing commission which can work with

Iocal school districts (EEA's) to:

a.

key points throughout the student's career; focus
on basic skills and prerequisites.

Identify student deficiencies early and require
effective remediation. 4
Provide encouragement for programs of academic
excellence for all stﬁdeﬁts;

Work with yéﬁr ‘State educatiaﬁ-agency and local districts to

develop programs which promote and reward student achievement:

a:

9

Establish a EEﬁBiEfE préfEﬁ which rewards

instruction 1o particular areas of need.

Establish aIternattve schools at the State or

local level where students can move to develop

higher level skills in ‘speclalized areas.

Establish a,variecy of acadgmic competitioné,f6t
students and provide recognition, awards, and
prizes for high achievement (e.g., mathematics
and science olympics, writing contests, problem-
solving competitions, etc.).



TASK FORCE ON EDUCATION FOR ECONOMIC GROWTH

Actions for Chief State School Officers and.

State Boards of Education

_ 'State leaders having primary responsibility for the operation of State
elementary and secondary- school programs are the State board members aud the

chief State school officers who direct the work of the State education.

agency. Much of the work of the State board and the.chief State school

officer requires the involvement of the State legislature; the governor, gtité
teacher administrator training institutions, and local school leaders. ~
Fxamples of things that chief State school officers and State boards of
education can do are: - _ : .

1. Work to establish and fund a State mechanism for educational R&D

in areas critical to improving your State's educational prograiis

o

a: Study and implement projects involving
changes in the occupation of teaching, e.g.,

differential staffing, new reward structures, or
fiew evaluation models.

b. Implement models of teacher and administrator
evaluation involving peer review, state of the
art standards, and rewards as well as sanctions.

¢. Fund curriculum development and testing in

critical areas——science; mathematics; computers,
economics; career awareness, writing, problem
solving; etc. '

d. Assess statewlde equipment and supply needs in

science education and determine the level of

support needed from the State level; provide_
matching funds (i:e:; 70=30) from the State for

science laboratory equipment and.materials.

of the gomputer and other mew technologies in
sclence}’mathematics, and other disciplines;
develop & State plan for computer utilization in

education.

e. study the changing role of the teacher and uses

2. Work with the State leglalature, institutions of higher' *
- education, and private funding sources to provide scholarships
and ‘loan forgiveness programs for teachers in critical shortage

areas, 1.e., science and mathematics.

3. Work with local districts to establisb an aggressive recruiting
program for high quality prospective teachers--especially in

ees



Work to establish periodic professional sabbaticals for
outstanding career teachers.

Establish State neacher/administrator-certification amd
recertification standards and guidelines which are rigorous and
relevant. )

ﬁadify certification réﬁuiréﬁéﬁta to ﬁerﬁit ﬁébﬁié 6ith §§ECiai

encourage local districts to use ?hese resources.

o

Establish administrator certification requirements for the
inclusion of management theory and experience.as a precondition

for school. administration.

Provide increased time for inmstruction through State f&ﬁdiﬁé;

accreditation, and college entrance requirements which result inm:
a. Lengthening the school year.
b. Lengthening the school day;

c. Decreasing non—instructional demands on teachers

and class time through the use of clerical aides

and, tger management techniques: (computers,

etc.

d: Decreasing non-instructional deﬁand§'6ﬁ students.

Recognize and reward teachers and addinistrators who exhibit

-



TASK FORCE ON EDUCATION FOR ECONOMIC GROWTH

Actious' for Business and Industry

Business and industry leaders may play importarnt roles in renewing and
supplementing our education and training systems. Specific actions that may
be taken are: - ,

1: Establish collaborative programs between teachers and persons
from business/industry for shared staffing, training, and
exchange opportunities. E

a: Establish exchange programs between business

managers and educators.

i I S S o
b. Encourage interdisciplinary programs at post-
secondary education levels between schools/

departments of educationm and schools/departments

of business and public administration. ;
c. Establish programs for teachers to work as
interns in industry and for industry officials to

’ ' gede as part-time instructors inm public schools:

2. Share or loan personnel to participate in team teaching of
T sophisticated technological concepts: , .

3. Provide aides, volunteer and paid, to assist in imstruction and
to reduce teachers' non-instructional responsibilities:

4. Loan, donate, or sell equipment and provide personnel to schools
§rfng§§ligg§§ggg;77Personne; support might range from volunteer
tutorial programs for both disadvantaged and advantaged students

to regularly schediled instructional opporgpnities for industry

. officials. :

5. Recognize and reward students and teachers who are judged to be
, outstanding. . . L

6. Provide the use of company/college 6;_ﬁ§i§§?§;§§7§g§;§§§§

facilities where it would not be cost efficient for school

districts to build and equip comparable sites.

7. Provide laboratory space for teachers or students to carry out
experiments, preferably with guidance and support from industty

or university officials., .
Provide support for community activities which contribute to
education. For example, provide small grants to‘libraries;
nature and science museums, public gardenms, art museums, etc.,
in order that these institutions.might establish special
instructional facilities available to the general public and

- be accessible to students during the school day.

00!

<

R




10.

Provide resource materials and curriculum assistance to public
school science and mathematics programs, e.g., special units on

topics such as energy comnservation; robotics, industrial

Involve students in programs such as Junior Achievement; to
acquaint them with the economic system.

~



\zl\,
TASK FORCE ON EDUCATION FOR ECONOMIC 'GROWTH Y

Partnerships: Actions for Joint Implementation by Governﬁent, industry,
Academia, Professional Associations, and Schools

S S
Collaborative action among the political; business; educational and 777777

public leaders of the State is critical to remewing our education and training

systems: Specific actioms that may be taken are:?

1. Participate in local decisions on education programs and
policies. '

a: - Establish a cleatinshouse for psttnerahip -
"information designed to serve paremts, community,

business, labor, government. educators, and the
scientific/engineering community.

how to develop and operate efficient and

effective partnerships.

a. Encourage induatrylprofessional societies to

spousor science fairs and judge student research

projects.

b. Jointly sponsot, at the locat level; annual

3 programs, whereby each school

puts together a mumber of teams to participate in L
educational competitive events. The model for :

such a program is the athletics program at each

school.

c. Establish a "Retired Sciemtists and Engineers” .

program, whereby those who have retired but wish

to remain active in education can be called upon

to provide specialized instruction.

d. Establish pumier internships for students and

teachers to work im industry, government; or

university Iaboratoties.

e. ~Sponsot, in conjunction with other local

industries; an ongoing series of forums for

parents .on the role of education in pteparing

youth for employment and citizenship..

f. Establish adopt-a—schooi programs which 1ink

businesses to- schools.:
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- g. Assist in training teachers and administrators in
- the usgs of new technologies.

3. Provide rewards and incentives to attract and retain capable
professionals. .
a.  Establish scholarships, grants, graduate
fellowships; other forms of tuition assistance;
and forgiveness loan Programs for both new and .

current teachers. 6.

' echoolietgffa orfindividuai tegchers who are
. recognized as outstanding by their peers.

provides outstanding teachers and administrators

c. Develop an "Excellence Recognition Program” which

with various forms of community recognition and

financial rewards.

d:" Provide incentives for qualified bueiness and
- industry personnel to teach in mathematics,

science, and other technological areas.

' s 4, Provide laboratory space for teachers or studente to earry out

experiments, preferably with guidance and support fromcindustry
officials (management and labor).

5. d'ActiVely encourage the participation of. women, minorities, and -

other students in mathematics and science.

a; Beveiop speciai‘scholarship programs for women

and minorittes.

b. Distribute to teachers a=d students materials
designed to encourage women and minorities to

»

enroll in more mathematics and science courses.

PR 1

c. Establish-"Mentor Programe in which students

work as technidal research assistants in

- ’ industry, college, or government laboratories

several hours per week and during summers. .

6. . Increase student aﬁiréﬁééa'of career opgortﬁniciéé;

a.: Provide inforﬁition to administrators, teachers,

plan for careers. : . \

b. Invite local business and industry officiais to

schools as guest speakers to describe the nature

and extent of career opportunities in the State.

pos
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. fa Develop a coopeggtive summer job program to provide
: students with understaﬁdins and experience in a variety of
. careers. )
d. Efiﬁié\ for groups of students interested in particular

careers to visit relevant organizations with thelr parents.: '

receive advanced training inm science and mathematics by -

7. Establish formal programs which enable secondary students to

enrolling in courses at nearby colleges and universities.

Students should receive academic credit fof their work.
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DISCUSSION OF
_ _PUBLIC AND PRIVATE SECTOR RESPONSE
TO THE TEACHER SHORTAGE IN SCIENCE AND MATHEMATICS

New York Urban Coalition

T think T need to tell you a very short story'to begin what seems to me to

weave through a lot of my remarks:. The story is a story of a little mouses

This little mouse lived in a very, very large mansion: He was_an extremely

fortunate mouse. He had the run of the entire place. "And as life would have

himaelf, enjoyed happiness-—yoq know, just about the happiest mouse you could .
imagine.

-4

Then oue day something entered that mouse's world whieh ‘was so

unfathbmable and terrifying it really began to shrink all the pbesibilities of

the mouse's worid. You can guess--it was the world's most ferocious cat. And

_.this cat- graduaiiy, on a day-to-day basis, began staiking the mouse:’

_ . Little by little; thé mouse's world shrank and shrgnk,and shrank; until
finally he was holed up in a little tiny hole in one of the baseboards in a
second-floor room.. It 8sat there for days at a time. It coull-i't figure what
ﬂto do. Finally he decided, "well I'm done; I'm dead,” and he began tc think
B of whatever the next life ia supposed to be. .

He was sittiug in sort of a meianchoiy state when he heard the worid'

-

most incredibly exciting sound. He said, "I don't believe my ears.” He heard

the most gracious sound imagtnabie-—the feroctous bark ¢f an incredible dog:

-

And he listened; and he said; "I don't belteve this;"™ And he listened and

~ listened and; sure enough; the bark was powerful, and the cat had obviously
run away. .
The mouse aaid 7ﬁhat em I going to do ahout thié?? ﬁé théughgif;ihéréfé
one place I staahed the perfect piece of cheese.” So he decided, "That will
be my fﬁrat trip.” .

So the mouse etepped out of his hole and began trotting across the room in

order to get the cheese and found itself caught in the furry paw of the

world's most ferocious cat, and was just stunned dnd sad. The cat held the

. The mouse was puzzled, éﬁd the cat aaid, "Look before I do you in, is
there anything you want to know or anything ycu want to say?”

The mouse said, "Yes, there is basically one thing. What about the dog?”
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now, sometiges it pays to be ;

'Now, I am really gg;ggggafeéggggg that to my comments—I really am. I
wanted to connect it once ip a simple way: I was saying to a_friend of mine
at lunch that there is something powerful going on in a room like this. The

different languages and the different orientations that are in this room-are_

powerful. There are rzsearchers, scientists, school people, practitiomers, et -
cetera. And those of you who have been going to meetings'like this over the
last decade or 2P years know that that is a new kind of phenomenon; where we
. are actually trving to have dialogue among people who look at the same .
‘ problem; but look at it from very different perspectives and need to learn to

speak with each other and to each other.

 The second thing that struck me this morning was péople pointing out how.

children lose their excitement about science between the third and the eighth

grades. I thought of the junior high school that's a block from my house in
New York City where I was sure that last year I must have seen maybe a thousand
Rubik's Cubes--m¥llions of kids spending hours and hours and hours playing

with what is a scientific and conceptual mathematics device. They were
extremely stimulated, They d¢gdn't know they had lost an interest in science or/:
that they weren't able to hanfle it. What they probably were experiencing wadawy
what had not been in their daily life in the school-~the kind of excitement —
that caught them. They spoke a different language than the one they were’

being asked to respond to. ' , -

The third thing is that there 1s a bilingualism that is being promoted by~

the President. That would surprise him, wouldn't it?
It's the public/private sector dialogue. And this panel is talking about

that. This panel is saying that there is public sector schooling and there 1s
private sector resource and private sector need, and that soile way these

things have to come together: In reading the papers and in hearing the

presentations; you take in a huge range of particular things that are being

dome in two kinds of situations, followed by the Education Commission of the
States (ECS) survey of what really needs to be done on the national level. \\

' I want to comment on that stuff, but I want to put it in the context of a
comment that Dean Kelly made this morning because it reminded me of something
else that was a working rule of thumb in New York City. His comment ran
something like, "Bureaucracies have an almost absurd capacity to swallow

innovation without producing change:” A

Ve had a working rule of thumb in New York City a few years ago——we've
- gotten a little better since then—-that went like this, "Every single day,

’ somepiace in New York City, every conceivable educational innovation is going
on and having very limited impact, and not spreading from ome site to )
another.” It wasn't for lack of new mousetraps that we were being overrun by
nice. It was for lack of understanding how to implement these things in -

existing systems and how to build with our existing resources——our tzachers,

our professionals, our communities—in order to take advantage of what was
there. '
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That happened a few years ago. That is all catalogued under research that
says schools have a remarkably difficult time incorporating change, that there
i8 a lot of stuff that 18 supposed to be good, that a lot of people say is
good, that a lot of people want to have happen that doesn't happen. And there

are all sorts of supporting data, and NIE is :a repository of a lot of it:

|

Wb are ot in a different situation just because we are taiking about

_  We have changed in New York City. I can stand here and be genuinely proud
of the movement in our school system osver the last several iéifﬁ; “We have
turned around all sorts of trends. ' We are doing biattéf on formal tests, et
cetera. But listen to this! Still we have a million kids, 45 percent of whom
drop out of high schuol, 60 percent of the Hispanic kids drop out of high

school: We have 250,000 of what we call ghosts: These are kids that nobody

knows the whereabouts of except that they are in our city: They don't show up

in school: They are in between the ages of 16 and 20, 15 and 20. They are
there: We have 60,000 kids who are not mathematics and science illiterate;

they are jﬁéﬁkiiiitéfiﬁé. N

o 7 ) . ) S ) I

I think one of the things that always sobers me is listening to a lot of
connections between different resource mixes. _The Argonne thing, for example,
where there 18 a program of 15 kids who are going to do such and such. I
applaud it and: I think 1t's incredibly powerful. But we really are talking
about a very awesome reality when we talk about nnjor school systems. And New

York is really not atypical. You heard the Los Angeles story this morming and

the Houston story, et cetera.

So I just want to remind us that what we are talking about 18 a set of
interventions with children—and_there's _a lot of them~—and what we have to do
ia8 find ways to get this particular agenda into a lot more lives than we have
been able to previously with the resources that are available. It is
reminiscent of the response of the private sector to the current adminiatration
when it aaidL You will now handle social programs.” Thanka, _very much, We

can be committed. We can make 11nkages, but don't expect us to do what

couldn't be: done when there .was a lot of other stuff going onmn:
A Tﬁé comment ; "No one flunks a 5666655; triggered something in my mind. I
EEE& t6 Eﬁﬁ 5 Eﬁﬁéﬁ 6f Eltéfﬁétiié 6656616 iﬁ Kéﬁ Y6fk Citi. Oﬁé tﬁiﬁg I

kngw wbere to find,thgfkida, you went. to,the museum. Becauae lots and lots of
kids almost magnetically went .~ places that were exciting.

built into their experience. By itself, it probably provided stimulation, but

wa, they didn't flunk but they nev'r got credit for it, and it never got

all alone it really didn't do what has been called for. The kinds of things

that are called for in these linkage programs are ways in which new resources
and different conceptualizations can really infuse the experience of kids:

In'my view, what went on in this panel broke down as follows:
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I think we have examples of two particular innovation patterns and then a
large policy study that is right on target for some national policy o
questions: the iji.iblj.i:/ private stiff, the imathiematics and Science stuff. I
think that it's about alternative and augmented resocurces to large school
systems.

public school budget is $3 billion every year. Chicago’s must be $2 billionm.

These are the places where the kids really are. The New York City

We've got a million students and Chicago has about the same. So we spend a
lot of money in this country on schooling.

The alternative supports, the vision that is evident in things like the

Argonne Laboratory wanting to infuse the entire Chicago school system with a

better approach to mathematics and science-——that is exciting. The problem of

actually doing that and having enough leavem to actuslly affect the whole loaf

. 1s really,; I think, a very tricky reality and something that has to be
addressed here. ' h

I want to underscore how exciting it is to find again in this country im

the private sector and nonpublic school environment people reaching out to the

schools. I think the comments in one of the panels this morning about public

education becoming upbeat finally is noteworthy and true. I Jjust want to put

that note of caution 1in.

I want to tell you two stories that summarize something for me about
schicols. : :

~_ One comes from back in the 1960's;, and we wveren't talking about _ -
mathematics and science then. We were just talking about urban problems. We
were talking about trying to enfranchise people.' The late 1960's ln our urban
centers were a period of a hiuge outpouring of corporate American resources to

schools. In New York, we had 19 corporations that spomsored schools by

themselves. By the mid-1970's, we had two.
It wasn't that the corporations turned into bad guys and walked away; it

was that over and over and over again the experience of the private sector in
trying to make that link went something like this: “We thought we came in to
vork on the problem of"—I'll put it in today's concepts—-~"mathematics

instruction at the high school level. We got into the school and found that

the level of problem in the school organism,- the school situation, was 8o vast
that in many cases we were trying to recreate the whole school, and we were

not able. We were not able to give what we had, and we became discouraged and
ieft - " I . \

a lot of corporate presence. You have little places where it has lingered

If you look at the history of the 1970's in urban America, you do not have

about the school programs, but there was really a pulling back: 4and I think

one thing that was a major factor in that was the inability of the school_

system to honorably make the linkage, and to understand what it meant to . bring
in somebody else with a particular kind of resource, and to meet them much
more than halfway so that the benefit got to the children.

I have a colleague who today is in El Paso, Texas, on a Ford Foundation °
study. They are looking at exemplary high schools across the country. El .
‘Paso is one of many cities that has nominated several of its programs and said,
"We have exemplary high school education.”
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i was taiking to my colleague on the phone last evening, and she said,

"Let me tell you the story. I went into the school"~-and I don't know the
name of it-—-"and it's got a very strong reputation. It 18 supposed to be very
exciting and very innovative and really work with kids

Her task was to interview all sorts of people, sit with kids, sit with

teachers, et cetera, to see what it was like, how it felt. She said; "I was

really stunned because every single time I asked this question I got a blank

look back. I asked the question, 'What is it that makes your school 8so

special?' and nobody could answer:”

~ First of ali, Eﬁé§ didn't feel they understood the question; they couldn't

{ factor out; they didn't know how to talk about interrelationships in the

‘ building. Second, they really didn't grasp she was struggling to understand

the larger mission of the school.

But there was a sense in that buildi~z: "This is just a building. 4And

special? I don t know.” She said the feeling in the building was pretty

good. It wasn't a great, great schooI' it wasno't a bad school: But it was

just her_sense that the people who were in there didn't apparently think, "We

are a collective body of people working with a group of kids; and this is how
we are doing it. This is how we come together on their behalf. This is what

we are targeted toward.”

The Houston story with the incentives—the $800 incentive, for all that it
might mean about special school districts-——struck me as interesting because

everybody in the building working with all those kids was included in that
process.

I want to make two or three comments about partnersiips and about_

linkages, becaﬁse I think they are going to be central for the next 10 years

of our work for sure:

~ The first is that it is often a very difficult matter arriving at a
commonality of goal and direction between museum, Argonne Laboratory, IBgli
whoever it is; and school system and school. The language difference, "the

bottom line;” as was said this morning by some gentleman—all of that stuff is
just two different worlds. Until we have sat down together and worked through

this material over an extended period, we really waste a lot of resource and a

lot of energy. The problem is that in most cases we think we understand each

other way before we do. It will take significant attention to the process of

getting started if we are to have any chance of making an impact.

People have walked away from most of the projects we have seen because

they thought they knew what they were going to do before_ they actually did.
And they got in there and they got very disillusioned. They didn't know how
to have followup; they didn't know how to talk. They expeécted something from

the school that it couldn't deliver. They expected something from the

corporatiou that it didn't want to give.
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i There needs to be a tremendous amount of attention psid to beginning these

things gently and carefully. Science is obviously a need in urban schools-:

For me, it is just really sad to see the number of hours that our high school

kids are not in school; and .the number of hours they are in school and not

excited about learning: They are not bad or dumb or dull kids. We are just
not putting stuff in front of them and working with them in a way that is
stimulating them. But if we bring something in, an Adopt-A~School project; __\
for example, and we don't work this stuff out, we're going to lose the :
students and our mutual effort. )

- §gggng;y17; would offer a comment about school teachers. And I think they
are some of the most rensrksﬁle peopie in the whole universe. One thiné thit
culture of the school. Most of them have not been in the private sector; they /
have not been in the work force outside of the school thing. Their

expectations of what they are tryinmg to match in thetr classrooms are nmot

framed out of a reaiisttc personal experience. . A/

Atlanta his tiken gfauﬁa 6f téééheré aﬁa put théﬁ iﬁ ché privaté ﬁorid c7

such, but just 8o you know, ‘8o that you are not 11m1cgg.77;g you are going to

be the bridge between our children and this world, mxke sure you have
experienced it.

don't see sclence teachers do science. Probsbly most science teachers inj
public education don't do science, haven't been around snybody doing sci ce,

and wouldn't like to do 8cieirice. Biut that connection isivery

we are trying to get the imagination of teachers to stimulate

_ The third thing is the clarification of roles. I guess I a e )
Very often the level of false expectation between people in these mixes. is

astounding: I just want to call attention to that again.

The fourth thing is the timeline. In the Argonne paper the comment was;

"We have a timeline. We are not up to it yet.” And when I read the paper; I

psrticulariy noted three phases. We are goimg to start; we are going to

expand, and then we are goins to do the whole system.

We have Béén workins 1 NEw Ybrk City now on a couple of educational

iﬁnovations, and we are in our 15th year, and we are finniiy starting to move

into maybe 30 or 40 percent of the schools. We may not be very smart; but it .

isn't going to happen inside of a real short time. There's a lot of stuff

that has to be laid out thoughtfully and carefully.

My last comment 18 a bottom—-line comment. Ome of the things that I think

happens in these partnership linkages is that we spend a lot of time thinking_

of the roles and relationships of the various players; but we have not learmed

how to focus on the children and what they really need.
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One of the things we are starting to talk about in New York City is what

we call an "Accord for Youth:.” An accord means that 311 of the players——ail

of the peopie 1ike us who reaily have some stake in our kids, whether we teach

My summary, I guess, is something like this. I think that one of the most

upbeat things that is going ‘on pationally now is this public/private

ﬁaééibility. I think the mathematics and science thing is a symbolic .and very
important way for us to work. tozether on it. I think thai it can build scme
things that are very powerful; but it doesn't do it automatizally. A lot of
these things are going to be built on the passion of the people that are here;
they are going to be built on the luck of some of those that try it. But we
are talking about sustaining major growth.for kids all over our country, and
that's going to take a huge and attentive kind of awareness.
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CLOSING SESSION
Thomas Good; Professor of Education and _
Assistant Director of the Center for Research and Social Behavior,
University of Missouri

It is good to be here and to be part of the conference. My complimeats to

those of you who have stayed through 2 days of proceedings.

[ — o o _ B o R N - \7 - - . - _
My colleagues and I represent four captives who have ilived through 2

exciting days listening to many presentations filled with| ideas, problems;

dilemmas; contradictions; but all-in-all an exciting set of papers.

Our intent here 1s not to synthesize or to put what we have heard into a
simple caption, but rather to probe through the possibilitles, to look at the

ideas that have been presented and, if anything, to widen the funnel of

possibilities that have been examined here so that in future activities; in

terms of responding to the problems, we end up with a wider information base
and a better response. ‘ i

At this point I turn to my colleagues, who will have the opportunity to
respond to the ideas; what they heard; what they felt; perhaps some of the
things they did not hear here at the conference.

" _ Robert Stake, Professor of Education
Center for Instructional Research and Curriculum Evaluation,

University of Illinois

u

~ Tom; you asked what we had not heard at this conference. No one mentioned
Creationism:. Perhaps everyone thinks that crisis is over—but we all know
.that evolution and adaptation of science and mathematics education goes on.

1 was impressed by Wayne Welch's recommendations for meeded research and
agree .that the student classroom activity and contexts need more attention. I

ﬁill?fjﬁhaéigé,;hbéé7t6day7;nrgy7remnrks; though my primary attention will be
on iiéibﬁé of the science teacher. ' '
- . - o
Let me start with a theme that Jim Wilson and Jeremy Kilpatrick

emphasized, and many others have alluded to in this conference:_ Sticcess in
public education depends on teachers with vision and a public vision of
teaching: But the vision changes. A vision of teacher as Miss Jean Brodie 1s
out of a past to which we cannot return.. The television vision of  teacher -as
Welcome Back Kotter is a compassionate but mindless Y;g;ggiﬁgicggggsiggcept
and must flght against. The vision of Bob Gagné of teacher as behayiorist and

preparer for testing is a vision that, in my opinion, both denigrates
education and the teaching profession. The vision of teacher as curriculum
developer—if that means developing lessons that other teachers and districts

would use--should have been destroyed by Commissioner Sidmey Marlandis
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farcical and gever completed program, Education for the Eighties, which once
gave 17 achooy districts the responsibility for building a grassroots
curriculum foy the Nation., But there sre other meanings of curriculum

development gpd behavior management, such as compassionate elder and

1deoio§§cgligut&e;7t§ap are enduring and needed: They have been referred to

by Susan Veigch; Lyin Gray; amd others at this conference.

I was gregtly struck by Secretary Bell'aremajt;. He got us off on the
right foot by dTawing attention to the changing nature of our society and
giving us repjnders of the power of culture, including the econmomic and

political regjities that shape education. Precollege education—including

mathematics apd sciénce~-are held in diminished regard by the public. There

is no indicatyoR that taxpayers are having second thoughts about the cutbacks

in funding fo;y education; Several here have called for a media blitz;

scholarships gof teachers, and,even increased pay. They are needed and may
help. But we caunot go much further with the idea of the "competent teacher
in front of g class:” We cannot effectively retaifi the old vision, the myth,

of a teacher g3 knoWwlec er. Knowledgg getting already has shifted to
other channelg. v )

| What Terrel Bell did not say is that high technology will change the very
nature of knowi€dge—not just its transmission. What is worth knowing will
change; what ¢ill be considered as evidence will change. What a computer cam

store will becofe @OTe important. History will become more actuarial, less

anecdotal. -the kind of interpretive knowledge to be found in a good textbook
or in the lecguTe of a good teacher will continue to be replaced by 2-minute
summaries migscking those on Cable News Network. The teacher increasingly

needs to be rgacCtor, commentator, and director of continuing learning:

‘What 18 13t alfeady is the notiom of teacher as knowledge-giver. And it

can't be regajped. The tactic followed for at least_a decade nmow has been to
reduce the "ogptractual™ task of the teacher, the syllabus for the teacher, to
teach cnly the Subject matter all teachers know, and to claim that these knowl-
edges are preredquisite, hierarchical essentials for the complex learnings and

fullness of equcati®n. Much of the public has bought that. And it has helped
establish the gyth that such indicators of achievement as SAT and National

Assessment algo indicate the quality of education occurriag in the Natiom.

I know that Roy Forbes joins me in wishing that test score means were not
glven such credeuce @s indicators of educationsl effectiveness. But the
practice 18 qopfion &ven among education leaders. Patricia Shell indicated

that Houston ng¥8 teachers incrementally on the basis of achievement test gain

scores. Many 40 the audience nodded appreciatively. Others of us_cringed.

The various tegts are reagonable correlates of certain learnings; but they

make a most ypfortunate; incorrect announcement as to wha gt importar

to _leamn anq:sgﬂssgsgs

We don't jgOw what youngsters will meed in their lives. We don't know

what demands .pe future will make. We have to rely on our best guesses of
course, but we 2lso Should rely on the intuitions of teachers and the

intuitions of youngsters. We have survived as creatures on this earth largely

because of oyr intuitions; and we should comtinue to help the coming
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generations rely on theirs. Our tests announce that the objectives identified

by the authorities are much more important than the interests and curiosities
of individuals. The question is not so much "do the tests tell us who is
achieving?” but, "do the tests tell us what is worth learning?" Jim wilson
alluded to the obstacles to learning caused by testing. Allow me if you will
to present a tiny bit of data. In an ongoing study in a large school district

we have repeatedly asked teachers and students the following item.

How much have each of the following interfered with

.youngsters getting a good education in your district?

A loci A little Not at
. bit . all

Racial discrimination
Sex discrimination
Bilingualism
Overeniphasis on testing’

_Gveremphasis on testing was seen as much the greater osstacie with over

half the teachers and students indicating it as at least a little bit ac -
interference:. I raise this issue because I believe the vision of teaci:ing and

conflict between control and educational competence._ great deal of syllabus-

building in the 1970's (it could have been called:school-based curriculum
development in many places) was oriented to giving the teacher greater ‘control
in the classroom, giving the district greater articulation and standardization,

and making officlals at Federal, State, and local levels, and university

consultants, appear to be doing something to improve education. Getting the

schools to be more businesslike, more accountable; has occurred; but
restrictions on the teacher thusihaYe increased enormously with diminished

opportunities to deal with the insights and imaginations and cognitive . @

w

development of individual students.

On the MacNeil—Lehrer show last night, Secretary Bell said we have been
preoccupied by attention to equal educational opportunity. I agreefthatfthat
has interfered with good sclence and mathematics teaching. I disagree with

his implication that it wasn't as important to increase access to good

education as we made 1it. But we were all too singile-minded about. assuring

access. We failed to look for other ways than busing and mainstreaming for

providing access, and generated great numbers of classes in which the students

rejected the teacher and the syllabus: Part of upgrading the job of teaching"

involves giving the teacher students who will commit themselves to learning
aﬁd Gho will resist efforts of other students to sabotage the instruction.,

Excellence program. As a coordinated program it was ineffective in most

schools, but as an ethic, as a movement, as an analysis of American education

it was sound. Jackson saild that education requires work and that the
responsibility for committing students to work 1s not the school's respon-

8ibility or teacher 8 responsibiiity but that of the parents, and the

students, and the neighborhood.
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 As part of the upgraded role of teacher; thé\téacﬁéf,ahagid have some
rights of selection of students, at least on the ‘basis of willingness to work,
and rights to expel from class those who do not. ‘Qur society must find some

other place to "warehouse” unwilling workers tham in the classroom where

teaching is golng on. Our soclety owes every person whc wants it an

education. Today that should include opportunity to\learn from classmates

F interested in learning.
. obviously, ome way of increasing the luterest of students in classroom
learning means giving them more responsibility f@gf@glééﬁiﬁgfwhzt they will

learn. And another 1s giving the teacher more responsibiiity in selecting

options for the students to select. Common learning objectives and common

standards of achievement across students would have to be diminished. The

district and State would have to have less control. It is a\fﬁﬁdiﬁéﬁtil issue

of central control vs: effective education. \
\

>

To some what I am talking about is a pipe dream—but it is\far from

impossible. It 1is apparent that this individual responsive way\is how most

parents teach their own children, how apprentices learn from masters; how
Japatese children learn in the classroom Jack and Elizabeth Easley studied,
and how om-the-job training occurs in business, industry, and -graduate school.
Individualization of student task and teacher task of course doesn't mean that
standards are sacrificed——just cQemon, prespecified standards. \\

. But I have drifted away from the epistemological reasons for major change
in the role of the teacher. The schools have lost their primacy as the
deliverer of information and ordered knowledge. Television; travel, the
workplace, the marketplace; the park systems; the libraries, Bonnie Van\Dorn's
museums; and other "linkages,” including peer friendships, already provide

more understanding of complex Scientific and mathematical ideas than do the.

@

schools. The schools should be helped to do better, but most students can be
expected to learn more and more away from the teacher. The information
avalanche has barely begum. .

What is most needed from teachers iu this onrushing world is helping the’

student make the most of outside opportunities, and supplementing them with
. integrating and ordering assignments—reading, problemsolving, discussions, -

A
\

\4

and projects related to out-of-school learning thgystudent ai%éiay has begun. *\

_ In our NSF sclence case studies; Jack Easley and our team found that post-
Sputnik curriculum reform projects were rejected by many teachers who wanted
“to teach what they had mastered, what worked for them. And they should—but
more on individual bases. Those teachers also insisted upon teaching students
to behave; they felt obligated to socialize them: This should also be

expected of future teachers. Free floating discussions are not the answer,

and most teachers would reject that. Douglas Seager's ideas of teachers _
having their own science projects 1s consistent with this visiom of teaching.

Others such as Cremin and Stodolsky have written about this role for teachers;
and Lynn Gray spoke of it just an hour ago. Twenty years ago Agricultural
Extension found that many farmers kmew more agricultural science than the
Extansion instructors, so it helped - those instructors toward roles as

edication facilitators.




The essential ingredients of teacher role evolution here are:

i; orienting to individual learning, not class learning;

2. orienting to what students and teacher atre already interested in; '
3. . orienting to out-of-school learning opportunities; and ‘
4, orienting to the students willingness to work.

In tomorrow's high tech world, following these orientations, the ,
t eacher-as-curriculum-developer makes sense: The curriculum he or she seeks

is individual--finding additional experiences, readings; and computings for
each individual student. ~ .

 Individual Educational Plans (IEP's); such as were dreamed of by the
authors of PL 94-192; are needed; but they should remain flexible and largely
unwritten, not allowed to *-come today's checklisted artifacts of
competency-based learning. The teacher should be free to rely as much or a®
iittle on today's district guidelines and textbooks as he or she feels makes
sense in terms of what 18 best for individual children and their parents:

‘We have agreed at this conference that science and mathematics teaching
need to be upgraded in the face of a disbelieving public and a cultural

blitzkrieg. Many speakers pointed out that increased pay, prestige, inservice

training, and exchanges with industry are important goals. lB@tié@éﬁfif

successful, they would not accomplish a long term solution. I do not believe
we have much control over our destiny, but we can get ready for swme changes

which wiil be forced on us. A sensitive and compromising adaptation to the

new habitat is essential for the survival of the qualified teacher of
mathematics and science. - -

. & o
Steve Davis, Head of Mathematics and Computer Science,
The North Carofina School of Science and Mathematics

e
Essentially, I think I come at this from a different view than some of =

you: I was trained as a research mathematician. Before I ever taught anyone

in a high school or junior high school, I taught colilege students: . Then I

taught graduate students. And as most people who do that; I was dismayed at

the quality of the graduate student at the typical university. I had gone
from a very good university with an excellent graduate program to_a good
university where the graduate students were not nearly as good. I did not _

think I could make them into good graduate students; either. At that time I°
was very confused because I thought you were supposed to teach mathematics to
fiake everyone a mathematician: I think that is one of our mistakes.

8o then I got this tremendous privilege and fell into high school
teaching: On the third day I noticed something. When you teach 5 times a
day, your legs give out first——1 had never been so tired'in my whole life—-and

your voice starts to go. And then you sense, "My goodness, though; when you

see them every day you see the progress.” When you work with them closely,

you can see that students learn in different ways:
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At first, I taught 1ike most college teachers, I lectured. I thought that
my -students had learned from the lectiire. Nbﬁil know they did not legrn from
the lecture. They ledrned from doing the problems in the book; they learned

from talking to their classmates. : .

~ What I would like to put in context, here as quickly as I can is the _
following: Please do not focus on just the science and mathematics crisis.
As a speaker sald earlier.yesterday,; view it also as 3 time of opportunity.
Why do I feel the opportunity i1s so great? Because there is a grassroots’
fiovement. I want to share with you the evidenre and the symptoms of the
movement . &

First, we have microcomputers coming into classrooms with teachers getting

very little to no preparation on how to use them. Yet; they are.being placed

quickly in the classroom because school administrators feel this 1s otne way to
deal with:computer literacy.

Second, there are many studies addressing the modernization of the school
curriculum. There is a grassroots movement -that says, "We know the situatiom
must change.” I don’t know if that existed at the time of Sputnik.: Right now
the teachers know there is a need for curriculum change and they are looking
for guidance. : e

_ Yet, I get incredibly frustrated. I work with teachers who use the pocket
calculator to balance their checkbooks, to compute their grades; and to make
their answer keys. But, they will not let their students use the pocket

calculator on any graded work. We have a real hurdle here, because the o
calculator 1s a tool that they aré familiar with, that they use, and that they

consider friendly.

Ot the other hand, the microcomputer that teachers are being advised to

use is not friendly, and they do not know what it can do._ That worries me a

lot. These examples indicate there is definitely a need for instructional
leadership.

Today there 1s also a problem with the teaching of mathematics: That 1,
we &re confusing the product of mathematics with what mathematics is. I did°

niot know the difference between the product of mathematics and what _
mathematics 19W§“E$t;5§§,°9€°9§ or third year of graduate school; aand that

concerns me. There ought to be some way that education departent faculty and

pmathematics faculty could work together so that the mathematics courses are

not just taught as though they are preparing mathematiciams, “and the education
courses are not just taught as though these people will teach a wide variety

of subjects. They ought to be able to integrate mathematié§ and teaching.

Not long ago, a colleague pointed out something to #ie that really got my

attentions If a teacher wants to teach intuition; understanding, and the
ability to be a iearner for life; the teacher is open to attack, because 2
someone will always ask; "Well, did the students learn this specific fact and
did they learn that specific skill? Well, what did they do in your class?”
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%Sth but they learned mathematics and the beauty of it and what it is and

how to solve problems.” If you are not respected by your community, that line
falls on deaf ears. -
We need to raise the status of the profession so tﬁég,féééﬁéié can do whar

they need to do and not just be teaching computation: “The pocket calculator
can be used to teach estimation and other kinds of cognitive skills, in

addition to compntation.

_ Technology has started this grassroots movement. When 1 say "techuology,’
- 1 am thinking of all sorts of things. Let us think in terms of .video disks,

teleconferencing; and the computer. Wait until you see the advarnces in
teleconferencing, now that it's not regulated.

Today teacher—trainers have an additional burden. That ia, teacher-

trainers must become more knowiedgeable than almost anyone else about the

application of technology to instruction: They cannot respond to the task by

offering trainipg in how to use this piece of equipment or that piece of

equipment because they canngf: outguess technology. Among many tasks; teachers
should help students learn what 1is really fundamental to technology; _
_instruction, and communication so ‘that no matter what the technological change
is in the next 20 years; they will have a base from: which to work.

A; . My instincts tell me that the real future for improving schools is

inservice training. Why? First, the teachers desire it. That is the

grassroots movement. Second, I suspect a very high proportion of the teachers

who are going to be teaching in 1990 are already in the classroom; ‘so

' inservice training is necessary. Third, inservice training can be more

responsive to local education needs.

. I vant to qualify my statements with the obvious observation that seems to

escape those of us in education who are in a position to do inservice training. _
Actually, no one is now in a position to do it well because there is not =

enough money. In almost any other business, when people ar: involved with
inservice training, they are trained and paid while cil the 365.; ouly in this
profession do you do inservice where you pay the fee and you are not being

paid while you do it. Something is very wrong there. It worries me a toty

I want to make one m?Ee,ééaiééi',,i will use a metaphor; one I would not

have thought of if Dr. Roy had not used his glue metaphor yesterday. My !/

favorite metaphor is that of Peter Drucker's sailboat. Drucker is big in
managerial science. He was assigned to look around and try to figure out what

that all of these companies were different. Some vere successful and some
were not. He was trying to figure out whatfit was that made him successful,
and he came up witl the metaphor of the sailboat.

7ﬁost7people lookbat a sailboat and think that the sails propel it--the

equipment in the schools, the; teacher training, the school room and facility

itself, parental support, et cetera: But if you think about it; it is the

invisible wind that propels the sailboats

1a
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. "Who is.Who in Science and Mathematics Education.”

analyzing such an 1issue.

‘successfully in our system:

Right tow I see us in a situatfon where we need some more sails. We need
more equipment in the science itabs: The micros are just coming in. But still

the wind is going to be the key,; and that must be the communication to the
classroom teacher—-that people care, that it will be backed up with actionm,

and that it is golng to start soon.

But whatever it is, let's do it right and not try to do 17 different

things to find out which one works, because the race to improve schools,
et 1n ha NDYae /

teachers, and students could be lost in the process.

_ _ Naama Sabar, Professor,

School of Ediucation, Tel Aviv University, Israel

The title of this conference reminds me of a story placed in this country

! not so many years ago. It was at an international conference on computers

which had a contest to provid§ a very new kind of software for a very simple

message. The message was, "Why is there a shortage in meat?”

_ When the organizers asked the participants what questions thers were
before the contest started, the Poles raised their hands and said, "What does

it medn, 'meat'?” :

P

. The next question came firuom the Russians, who asked; “What does it mean,
'ihi'?-. ‘; 4

- And the last question was from the Amcricaws, who asked, “What does 1t

mean, 'shortage’?”

That was ot too mafy years ago. I am afraid these times are over.
 First of all, I wish to thank the organizers for inviting me to such a
stimulating conference, with a unique array of participants. I am”
particularly honored to be here because_to me it looks almost like the list of

5

I accept the advantage of being the last synthesizer and probably the only

Eﬁtéigﬁé?iiﬁ thts audience, and I want to thank ‘the organizers for the very

well-thought-out preparation of this conference, expressed in the wide
‘representation here of the different fields that should be involved in

The papers presented vere 50 thoroughly prepared, with clear messages and

relevant updated information. When you ses the proceedings, you will know how
wany 1982-1983 references were included. These data were regarding the common

myth versus realitiaes in Zelevant research.

I also think .special credit should be given to the diverse approaches that

we have heard regarding alternatives that are presently taking place
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Being a woman, a ﬂinority, T would aiso like to congratulate the /

organizers for the even distribution that was given to contributors between

the different ethnic groups and the genders. I take it for graated, even in a
profession that is so heavily female,; that much of the decision maki:7 power

is still male. ;

Lastly, I would like to give special thanks to the discussion moderator
who led thé contributing discussions so elegantly and so well.

Now I would 1ike to share with you some of the thoughts, obser ations, and

quesiions that came to my mind while listening throughout these 2 days: Most

of these thﬁﬁghts have been heard in the past 2 days,; but I would/like to make

my own supplement and perhaps rephrase--and it may sound even amplified tc be

heard from an outsider: i

I must admit I feel like tFe boy ihn "The Emperor's New Clothes” coming
after these two preceding synthesizers with their high-powered/questions. I
"might post some very §imple questions; such as: How is it that a country that

in most fields of science and technolpgy competes 80 successfiiiy with all
countries in the free world, due to your wealth of ideas, quality of maupower,
natural resources, and facitities, has reached this present ¢risis in t.ie ares
of teaching, exemplified here in sciénce and mathematics edutation

/
WEII I think that you aili know/part of the reason.“ This soriety 18 not

ready to g;vgfgggiwgggiigfgakes to/build and maintain a quality educztion
system. ‘refer to the implementation system that

has been mentioned in this last afternoon's session.

system. In saying maintain,; I als

Does anybody really think we can carry out even a few jof the wonderful
ideas that have been expressed here without budgets? Good will and _missionary
complex, a new term for me, are ngt enough to get good te chers to do the

job. Teaching positions offer me ther status nor considerabie financial

jan beings with purchas%ng needs.

or hér iﬁtétéét in
take a teaching
ly, their priorities
only be suitable for

It may be exciting for a you

gggggigyiidren and the nurture of nowledge in kids and,

position: But then when he or she|plans to build a far
will definitely change. Or do we y that teaching cat
second breadwinners?

By the way, 1 really wonder how any teachers can jpurchase an Apple-—and I

don't mean the fruit, I mean the computer—-when so many microcomputers are to

be found now in their students' homes.

~ I think it would be fair to say pe’haps that among the myths in
circulation is the one that says we canhot get any more dollars into the
' system, yet the reality is that if we can, it will make a difference.

teachers into industry

is a clear sign . of that.

 The exodus of good young science and 'mathematic
that we hLave heard described so well by B tty Vette
What do we really expect of science and technology

they are expected to be subject-matter specialists /in an area where changes

t,\)e

.



are the féstest in comparison to all other Subjects taught in school. We ]
expect them to compete with high quality super—power educational programs that

are now offered commercially by private industry.

We also expect them to be very intelligent; broadminded people; with a

very_clear set” of values; to be able to bring into the classroom such topics
as the relevance of science to,social problems. And those relations and
concerns are increasing in numbers on a dasv-to-day basis.

But in addition to all of these——and I skip the expectations in

manipulating skills, operating a lab, and so forth——we also exrpect the science

and technology teacher to be a topnotch educator and pedagogue and to handle a

Lee has a1ready mentioned. ,smoking, a1coholism,,drugs, sexfeducation, and,f
whatnot. Anud does the teacher really get recognition for this complex task?
Why 1s it that an exceptional scientist-—and very likely one of these

science teachers had to do with his successful career—-may win a Nobel Prize?

An exceptionai writer can stand for a Fulitzer Award:. ~Even a stage decorator._
can be a canlidate for a Tony Award. Yet,; the only recognition an exceptional
teacher will get is recognition from his own associdtion. The local Rotary
Club may ackn6§16d§e him as well.

An automobile repairman makes money. A competent scientist, at least in
my cbuntry, has status. An American physician has both money and status. A

teacher here has neither.

We11, out of this gloomy picture I think one good thing is emerging.
There is a_tremendously heightened avareness of the price to be paid to .

”77Soiygidgfhgvgithgimjm;htnmf now. We just need to do everything we can to
accelerate that momentum, and it is up to the people here to transmit the very

carefully thought-out recommendations that have been heard here to the people
in power—-to make things work so that in 5 years, probably through computers,

we will not be crying over a deeper cerisis but rather discussing further
advances in prospect.

W

v

them now. But I would 1ike to add to the other explicitly mentioned research

need that research tools should perhaps be used-—supplementary ones——other
than the regular statistical measures. I know the movement is very strong, -

but I just want to make that point. 7 .

There were recommendations about developing opportunities for teacher

promotion in school; developing a career ladder for all teaching areas basgd
on excellence. And under this heading I recommend that several prestigious

institutions cooperate in eitablishing an award, including a generous cash

award, that would probably be donated by industry-and that would be addressed

. -

to the reward of excellent teaching on an annual basis.
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] i ﬁavé ﬁeard some reccﬁﬁendaticns régarding thé iﬁﬁcrtance 6£ eienéntar9

in these areas. I strongly recommend that you invest more in improvemeﬁts of
science and mathematics teaching as early as possible, even in pregrade

schbbi. it has been tried successfuiiy in my country. Since we now know the

enormous capacity of young children to learn and their natural curiosity, I

belifeve that it is a very promising field for the investment.

A number of contributors suggested that we look at other industrial
countries and change our_ requirements accordingly. On this issue my
recommendation is; "Slowly; please.” An engineer from the U.S.S.R. will not
qualify in this country, nor will a medical physician. A Japanese engineer
will qualify.. Yet we cannot expect of our eduration system what weé can expect
of the Japanese. We dpn t givé the same réspuct to our tedachers that they
give. Nor do we give the salaries or provi-i: the outstanding faeilities that
the Germans give to their teachers. .

I would also encourage industries. to compete with each other in

publicizing how much they give to education relative to their total budgets.
Maybe it should become a slogan with advertising, "We are better because we

care; ; We give more to schools.”

remarkably successful education program to the general pOpulation, and I think

that 1s not well: enough known: Why don't yoﬂ inform the public that in spite:,

of all these difficuities, there are outstanding things going on in your

schoois? \ .
; o :

centers? I could go on and on ‘and on, Yet you would benefit greatly if bnly

a little of your vigorous sdlesmanshlp and marketing skilIs could be applied
to your schools. ‘ i

_Last but not least, just as a civilized country should be judged by the

place it provides :ior its elders, and not for 1its football players; I firmly

believe that a countrj should also be judged by the priority it allocates for
education; meaning per capita expenditure on &ducation. Im that respect, If

security.

Perhaps the United States Government should locate education as part of

its defense and security imp order to maintain its excellence and the leading

””sition which it so thoroughly deserves in our present world.
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SUMMARY AND DIRECTIONS FOR ACTION

Thomas L. Good
Gail M. Hinkel ~
University of Missouri~Columbia

e

The summary of conference papers and discussion does not provide a clear

andate for action to resolve the teacher shortage and general literacy

problen (teachers, citizens, students) in mathematics and science. Certainly

there were important and heaithy differences among participante in how they .

define the problems and in the steps they believe are moat likely to solve the

difficulties: The conference provided a broader understanding of the
problems; identified several points which need resolution (and which call for
basic research and development activities), and produced examples of what some
agencies, school districts, and universities are doing in response to the
teacher shottage and the literacy problems. The 1nformation, ideas, and

problems identified at the conference will be of value to school systems as

they deal with these issues and to decision makers who face difficult but
important policy challenges. :

~ As we write this document in early March; several States are passing

;egielation that addresses certain aspects of the problem (e.g., higher
curfiéuidm standards). The Condress of the United States is now deliberating

correct deficienciee in these areas.

Cénﬁidéting the r 1d1y grﬁwing public concern over theae issues and the

miorey that Congress . goon make available, we believe It is likely that the

money appropriated will be poorly spent in most instances. Although the

funding will probably be inadequate, careful thought before “hese funds are

spent will (or would) have more significant; long-term effects than quick-
spending will achieve. We acknowledge that there ie n acute ehortage of

The problem is enormous and important and the continued economic productivity
of the United States depends *poz a Successfil, long—term response to the
shortage and the related prob.im of scientific and mathematical literacy.
Clearly, some. action must be takeh immediately; however, we believe that

certain aspects of the ehortage can best be solved by discussion arnd basic

research rather than by quick spending and radical changes in the curriculum

that are based pri-urily on . short-term reaction or impulse:

school districte.
curriculum reform, process reseatl

teachers.

aaiarieg! the status; and
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The most prevalent view expressed at the conferemce about the current

status of mathematics and science.education was that 95 percent of our ,
students (ﬁﬁd citizens) need better mathematics and science tréining, ﬁbt the
top 5 ﬁéfcéﬁt. ~ Participants generally ,agreed tlji; theé present curricu]ztmfﬁas
_producing an adequate number of advanced sclentists and that our supply of

"exceptionally talented students is not in jeopardy. Still, most of the

programs described at the conference were designed to identify and to educate

gifted and/or minority youth: This is of course understandable (and we need _

such programs),; but it is regrettable that more attention has not been placed
upon improving the mathematics/science curriculum for the average student.
The most important issue concerns what can be done to prepare citizens who
understand and are therefore capable of using technology in intelligent and

appropriate ways and thus of making informed decisions about technologically-

related issues. The answers to this question were varied and complex, but the

most frequent respomse was the call for a more appropriate, relevant curriculum
and for qualified teachers to implement and expand it (we will return to the

teacher issue later).

Beyond the frequently stated opinion that curriculum reform was needed,

there was little agreement as to what direction this reform should take .

(zeaders who wish to scientifically conduct their own content analyses of

conference proceedings should review this massive report...we encourage .
replication efforts). In part, this is because the conferente was organized
primarily as a problem stating group and hence, little time was spent dis-

cussing the new curriculum. Because of declining test scores and student

interest, dissatisfaction with: many sciedce and mathematics textbooks; etc.;

there 1s societal consensus that curriculum reform is needed. But poor
performances on assessment inatruments do not tell us what abilities should
be measured or how to correct identified problems. "

 To many citizens and educators, curriculum reform means more courses and

indeed many States have passed legislation which requires that students take

more courses in mathematics and science: However; considering that many
students jdevelop a distaste for science in elementary school, mandating more
coursewodk without seriously studying the quality of science and mathematics
curricula, particularly in the early grades, may exacerbate the problenm:

_ Although muot papers at the corference addressed the problems of mathe=
matics and science education in secondary schools, we believe that if

secondary science’ education is to be improved; it will be necessary to

simultav=ously increase both the quantity and quality of science education at
the elementary level. Studies by Ebmeier and Ziomek (1983) and Stake and

Easley (1978) indicate that most. elementary pupils receive little-or mo
instruction in science. In a study of 75 teachers in grades 2-6, Ebmeler and
Ziomek found that an average of only 15 minutes per week was spent on sclence

in second grade classes: By fifth grade, this-time had only increased to 43 *
miautes; Furthermore, the time spent on science in most classes was consid-~

erably lower than what the district recommended.



__ St1ll; we need further descriptive data on which to base curriculum reform
efforts, Until we have such information, it is hard to know how much time
should be taken from other curricula areas and devoted to science. Schools
have many subjects of limited value (especially secondary schools) and

curriculun reform in mathematics and science must involve an examination of
the total curriculum by mathematicians and scientists, teacher educators, and

classroon teachers to determine how the curriculum should be altered.

Scientific knowledge is presently growing at a rapid pace and it appears

that many technological advances will be made in the next few years. If the

United States hopes to prepare its citizens to live in a world heavily

influenced by techmology, educators must determine what scientific information

and pEBEEsses students should know. What do’ we mean by a "technologically
literate citizen? Although there is no simple answer to such a question, we

serious scholarship conducted to determine how it should be modified.

certain what the nature of that reform should be. In fact, it will be

impossible to make useful changes unless there is a clear understanding of

Although we acknowledge that the curriculum needs reform, we are not

what the curriculum is and should be. We therefore urge that at least some

appropriated funds be spent in 1983-84 for commissioned work designed to’
identify possible areas of reform and ways to achieve improvements. What do

we want students to be doing in classrooms. in 1993? What are the criteria
that we will use in 1993 to determine whether or not the money and time
expended_in_the past ten years have siibstantially improved technological
literacy? Serious study of these goals in advance might make it more likely

that curriculum reform efforts will be at least moderately successful.

Some excellent study of curriculum reform has ‘been made. For example,;

the National Council of Teachers of Mathematics has produced :a useful,

comprehensive statement outlining the mathematics curriculum needed in the.

1980°'s. This report strongly advocates more attention to problem solving but

does not define problem solving at a functional level. Funds invested in
carefully designed conferences; research studies, and development activities
might yield criteria that could be iised to construct and to evaluate curricula.

With criteria and a broader understanding of what is meant by problem solving
(and other terms such as "scientific literacy ) we could begin to answer' &

variety of practical and important questions such as the following: How do we

“operationally define problem solving? How do we differentiate appropriate

problem—solving teaching from inappropriate or poor instruction? What percent

of our teachers attempt to teach problem colving? How do teachers’

definitions of problem solving compare to those called for in curriculum

reform efforts? How do teachers whose definitions of problem solving

correspond with those advocated.in the curriculum reform teach (or strictire

their classes) problem solving? What is appropriate and inappropriate about

present curriculum experiences for students?

_ Funds invested in development designed to clarify intended curriculum

reform could use new technology (as well as decribe it): For example,

competent teachers who include problem—soiving instru~tion in their curricula

could be identified and videotaped and these tapes could be shown to other



teachers to demonstrate techniques and activities which characterize effective
problem—sclving instruction. We therefore believe that if classroom teachers,

educators, and sclentists are given sufficient funds it would be possible to

identify and develop more appropriate curricula and to demonstrate them more

effectively than the rapid innovation that has characterized past change in

American curricula allows: As any student of educational history realizes,
attempts to clarify terms involved in curriculum reform efforts (discovery
iearning; open education, process science, new @athematics) have traditionally
come only after a reform has been tried and subsequent evaluative data are
negative or uninterpretable. If conceptual clarity were achieved,and s
implementation measures constructed, it would be possible for empirical g
research conducted in 1984 and 1985 to determine whether nmew curricula had

positively affected students' skills and interest in science and mathematics.
 Although we do not advocate a national curriculum, we do believe that the
delineation of key curriculum and instructional terms is importamnt. For

exanple, there are many questions concerning instruction gbout an important
mathematics concept like “variable:” When ghould it be ihtroduced in-the
curriculum? What should follow? These are issues that individual school

districts cannot adequately resolve with existing budgets and personnel.

In essence; each day in American clasarooms, thousands of informal "field
experiments” ‘occur when teachers use their own approaches to present various
concepts or principles contained in school curricula: There is growipg = _
evidence some teachers cannot improve upon the poor quality of text materials

(because of inadequate backgrounds in science and mathematics) and thus diustort
the concepts they intend to teach; so that many students’ misunderstandings of
some concepts are not corrected, despite instruction. Furthermore, research
on instruction in specific scientific concepts in 14 fifth-grade classes .
(Eaton, Anderson, and Smith, in press) demonstrates that many students bring

to the classroom misconceptions about scientific concepts such as light and
vision. In this study, some misconceptions were reinforced by the textbook and
the accompanying teacher's guide. . It is therefore not surprising that even
after 6 weeks of inmstruction; three~fourths of the students studied still held
basic misconceptions about these concepts (see Brophy, 1982 for a detailed .
discussion of teacher distortion of intended instruction and dependence on
textbook materials).

- teachers do rely heavily on 3" guides
for Instruction, any attempt at reform of curriculum and inatruction must

Tecessarily include a careful examina oks. Freeman, Kuhs, _ |
Porter, Floden, Schmidt, and Schwille (in press) suggest that the textbook a
teacher uses largely determines the curriculum students receive. However,
these investigators found that the mathematics curricula presented in four
textbook series which dominate the market vary considerably. They also found

considerable differences between the content of various textbook series and

that measured by some standardized mathematics achievement tests:

e recent criticism of the science curriculum 1 that it is passive, that
students learn the knowledge of science (facts, concepts, findings. ..generated

by others) but have little opportumity to engage in the process of science.
Telling such teachers to include more science process and less content in
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their curricula i1s gz likely to add to the probiem as to correct it. Such a

recommendation woulq be variously interpreted and implemented. In additionm to

study to provide a pyrPose and direction to general curriculum reform, we need
research and developyent that wiil help teachers understand major scientific
concepts and learn zjterpative ways in which such concepts can be taught (to
determine how the gegeTal 80als of curriculum reform could be implemented in

___Although there {g @vidence that effective instruction can make important
differences 1n how pych students learn and retain, most of this research has
not examined the learplng ©f specific and subject matter concepts in

particular contexts, Some funds should be designated for identifying
important curriculuy cOucePts, devising interesting ways to present those :
concepts and/or to aj1ow students to discover them. Such work could be
completed at a natiopsl level by teams composed of teachers; educators, and
scientists: Ultimately, the value of such work should be tested by empirical
research: :

We suggest that pgAcherS would benefit from viewlng videotapes of
competent; talentéd pgzachers conducting classroom activities related to key
concepts or issues (ﬁé?iéb;ﬁs,Qﬁéﬁcéﬁ theory, place value, equivalent :
fractions). Althougp it would be impossible to film instruction in many

concepts (at least {pjtlally), it seems important to assemble video libraries

that illustrate the ,7Oces8 or problem—solving skills called for in relation

to particular concepts 4s Well ag to the areas of science and mathematics

generally. Carefully selected video lessons would be an improvement over most

;gl_agsrgo@ig})gervatiﬁii; ina ﬂdéot&ﬁég couLd be Eiiﬁ)iéﬁéiité’d by &iséussion of
salient aspects of tezching situations. The potential is especially great in
science;, where time ié?éé ?h6t6§f§§ﬁ§ and other techniques can allow students
to observe the efforyg Of 4n intervention Or to see change occurring over time
ﬁéfiaaéi and thus tgqg gét the benefits of an experiment, when actually doing
one experiment in the class might be too expensive or time consuming, or
otherwise unfeasible, A variety of techmological advances have occurred in

the past decade, but geaching has been lar8ely unaffected by them: Such

development work i1s cpeap and relatively straightforward; and it is therefore
surprising that so 1jgfle has taken place.

Uitimately, such yotk might iead to a better understanding of issues such
sroductiy ;8 tea problems or misunderstandings

as productive strategie§ teadchers can use;

students are likely tg develop when attempting to learn 5, how these
eptions can be dStected, and what specific strategles teachers can use
students with parcicular misgnderstandings, Such basic information
could vastly ilmprove gltmeftary and secondary education in this country. Some
research 1n this arey has been completed (see Brophy, 1982); but it has mot -
been organized aroung ifportant gubject matter concepts:

‘ R
>

Considering that pethpology can also make complex Phenomena concrete and
accessible to ‘Studentg; one wonders why more first-rate simulations and videos
11lustrating sclentifjc proctesses are mot available., For example, some of the
complex time/motion conCept8 in physics are easy to depict on video. Video-
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tapes of important experiments in science would do much to allow students to

see scientific data being collected and to witness the process of knowledge

being accumulated over time until it has practical consequences. Appropriate;
selective use of a few demonstrations of the scientific process could help
students to develop a respect for the need to measure carefully, to change
perceptions as data accumulate, etc. Naturally, videotapes would not be a
substitute for students' actual conduction of, or involvement with, science
experiments.

_ Although curriculum goals are affected by local needs and preferences, the
cost of producing exemplary scientific videos and simulation activities is so

high that few school districts could afford to develop them. However, once
school districts.

_Several participants at the conference suggested that few students

actually apply the principles of science before they pursue advanced degrees.
Legislation presently being acted upon in Congress involves expenditures for
the purchase of .new scientific equipment as well as the repair of existing
laboratories. Students undoubtedly need laboratories if they are to practice
science; however, many teachers will need training in order to use new
equipment. : '

_ Improving curricula and bringing technology into schools where teachers
are mot prepared to use them will create massive training néeds which will
require attention and funda. For example, local districts will need help in
acquiring; maintaining, and using new equipment appropriately. National

research and development activities should be conducted to help local school

distidcts evaluate their success in training inservice teachers to use new

curricula and equipment.

‘Teacher Education

If the public school curriculum is to be improved, then careful attention

(as Lanler ac2 Porter- suggested) .to study the relationship between knowledge
of mathematics and science and classroom teaching. We need to know the
content of teacher education programs if such programs are to b evaluated and

‘must be paid to the teacher education curriculum and funds need to be invested

improved. Unfortunately, we have a paucity of reliable information about how.
teacher education programs affect teachers' beliefs, knowledge;, and skills and

how short-term training influences long-term teaching performance.

 Although some teacher education programs are helping teachers learn about
and utilize technology (computers, video simulation, €tc.); we suspect that
many are not. Teacher education institutions face complex decisions as they

attempt to allocate scarce regources. For example; they must decide whether
teachers should be familiar with computer simulations or be able to deiign
simulations. That is, should teachers merely know where. to obtain compiiter
software or should they know how to improve inadequate software themselves?

Another important issue which teacher education institutions must addresa’

concerns whether elementary teachers should be trained as generalists (as most
currently are) or as specialists. In order to possess a thorough knowledge of
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subject matter im any area, multiple, diverse curricults materials and

relevant instructional techniques; elementary teachers may need to be traimed
as specialists. Such training ‘may be especially necessary for effectively
teaching a subject. such a8 science, where new information and developments
occur rapidly. '

It seems to us that some Federal support and subsequent research (gulded

by agencies like the National Imstitute of Education and the National Scienmce

Fcundation) could help to indicate in more detail how scarce resources can be

used advantageously in teacher education programs: It would be pointless and

wasteful for each school district to develop its own curricula and programs

for improving the technologically—~related skills of teachers and Eﬁﬁdéﬁté;

Classroom Research

Clarification of curriculum goals in mathematics and science should make
possible focused but comprehensive research on imstruction in important topis
in mathematics and science. To obtain curriculum goals, however, it will be
necessary to conduct basic research on classroom processes related to these.
goals. In this section we will describe an important but meglected curriculum
irea in mathematics, problem solving. This discussion illustrates why ]

regsearch is desirable if improvements are to be made in classroom imstruction
anid in learning.

In a recent examination of much of the mathematics education literature,
we found many statements concerning how problem solving should be taught;
however; we found no caraful analyses of classroom instruction in problem
solving: There are critiques of textbooks and critical and insightful

examinations of student performance. Indeed, some of the research

1llustrating that students can answer mathematical problems correctly without

- understanding them is quite important and intriguing. Still, it is curlous
that nowhere in the literature can we find statements describing.what takes

place when teachers teach problem solving. How do classroor teachers define
problem solving and how do they attempt to teach it? How much time is &pent

on problem solving? At present, there are no dependable data with which to
answer such questions: It seems to us _that if one wants to improve the
mathematical problem-solving abilfty of students in American classrooms, these
questions must be answered. ' L ‘ -

 Thus, mathematics educators should conduct observational studies of

_ ¢lassrooms during instruction in problem solving; particularly in classrooms
dy0f teachers who are especially adept at teaching problem solving. There are

+ both theoretical, conceptual; and empirical reasons for conducting such
studjes: Polya (1966) notes that solving problems is very much a practical
art and,; like swimming or playing the piano, it can be learmed only by
imitation and practice. He suggests that in order to becomé a problem solver,
one has to solve problems. He points out that one of the ways students can

‘become more skilled at problem solving is b, having active teachers who can

demonstrate the process by formulating choices carefully and can illustrate

ways in which to deal with proposed problems. We realize that there are many

alternative ways to characterize problem solving; however; Polya's emphasis is

‘plausible and provides a rationale for examining ongoing vlassroom instruction.
) » . .




Simtlarly, 37 .;»73a_that students are deficient in other important
| mathematics . & - . Scch "problems” can also be remedied through careful
Iy tbservatricv 7. experimentation (for some recent work on estimation skills,

see R#ve -n. Festgen, 1981).

There s ample documentation from the mid 1970's and early 1980's that we

can gain valuable information by studying competent teachers. Several

extensive research programs funded by the National Institute of Education
provide observational evidence that teachers vary in how they think, act, and
use time in the classroom. Furthermore, these variations among teachers have

_been related to student achievement in several field experiments (see Gage,

1983; Brophy, 1979, 1983; and Good, Grouws, and Ebmeier; 1983):

Ve know considerably more about clarsroom teaching than we did a decade
" ago. In'1973; our information about the effects of classroom conditions on
‘student achievement was weak and contradictory. In the ensuing ten years

: research (much of it influenced by funds and coordination from the National

' Institute of Education) on basic skill instruction, especially in reading and
mathematics, has m =3 from a state of confusion to a point where several
successful experiments havez been conducted: These studies; in contrast to .

less sophisticated and often methodologically flawed research that took place
in the past, illustrate that teacher behavior can significantly affect student
achievenment. : ,

i _ Furthermore, there is evidence that the skills effective teachers use can
be taught to other teachers. In building a program of active mathematics
teaching, Good and Grouws (1979) began by observing how more and ‘less = _ _ -
effective teachers (using student performance as the operational definition of

- effectiveness) taught. We combined this information with other research in
order to bulld a teaching program that could be tested in intact classrooms.

.Findings showed that the program Yi? & visitive impact on student learning and
‘that most teachers could impleme?: ¥z ‘rogram without much digficulty. We

‘felt that too much mathematics wor» in ciemeptary schools invnlves a brief °

teacher presentation and a lomg perlcd:of seatwork. Such brief explanations
before seatwork do mot allow for meaningful and successful practice of
concepts that have beeu taught; and the conditions necessary for students to.

discover or use primciples on their own are also lacking. The program helped

- gotie teachers to overcomc these problems.

| The argument here is that much, can be learned from the serious study of
practice. As Flowers; Lanler, and Kelly noted, many myths about educational.
practice exist; in part because we possess few data with which to describe

practice. 'What data we do have indlcate that teaching practice is much more

. varied than most people currently belleve and hence, simple, generalized.
recommendations (e.g.,; increase time on task) wiil do‘°more harm thanm .good..
Some participants at this coniference suggested that teachers need to talk less

S, and let students do more Science. However, in many classrooms, teachers
’ hardly talk at all and students are left to complete dismal "science™ °~
worksheets. ! In such classrooms, teachers should talk more (about the meaning

of science; the concepts being studied) and students do not need to do more

science, but a different science. Curriculum reform without descriptive

research is; in our opinion; self-defeating.
. i .
1 . . . /
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Although much recent research examines basic skill instruction,‘}&éiéiié

reason to believe that other processes could be effectively studied by the

observation-development-field experiment research ‘approach described above

1f goals of curriculum reform and key concepts are identified, research could
be directed at these areas.

. _The focus of siuch future work should not be limited to teachers. A
similar observational model for understanding mathematics learning has been :
used by Krutetskii (1976) to study how excellent students attempt to learn //
mathematics. Aiso, as noted eariier, a growing number of researchers are

interested in student behavior (e:g., time on task) and perceptions (Do they //

view problem—-solving assignments as a challenge?), and such work can help to

make instruction more effective (see for exampie Peterson and Swing, 1982;=-
Weinstein, 1983).

_ ' Many strategies for promoting effective learning are not common iéﬁetté-of
classroom practice and thus the study of practice is not the only way to bring
about desirable change. For example, Rosenshine (1983) demonstrates that
succesgful scliool prograims can be achieved tlirough systematic thiuking and

development independent of sustained observation of teachers.

Our purpose here is not to identify research areas, questions, or

paradigms that merit support. We do wish to suggest a general direction which

we believe some future research should take.

As we gtated earlier; if resea'ch is to be eifective, its context must be
focugsed. - However, within the particulars of a given research stidy. (e.g.,
middle school science Clﬁééeﬁ), and subject matter issues that are being
studied as well as how teachers and students think and behave _when they study
particular comncepts. Furthermore, curriculum research tends to examine

content, seguence, .and pace issues and to ignore what teachers and students do

when they actually stndz curriculum.

We also believe that teachers an* students need better science textbooks

they,teaeh. Without better materials and betteriillugtrations offeffective
teaching/learning enﬂronﬁenté, students’ sciztific literacy will not improve.

thematics and science (and of

More complete theories of instructionm im 1

instruction generally) must also be developed. Lee Shulman suggested at this

conference that there should be more structure to classroom instruction; and

that students’ understanding and knowledge of a subject should accumulate and

develop over time. According to Shulman; the last short story taught in an_
Engliah class or the last unit in an algebra course should be tgught/learned

problems. However, we have o insttuctional theories which enable us to
examine these issues and little extant empirical data upon which to build such

theories. As Bruner (1966) noted, a theory of instruction needs to describe

the ways in which knowledge and concepts can be effectively sequenced so that

etudents' understanding of imstruction is enhanced.




__ In a variety of ways conference participants expressed their bellef that
teachers need more -pay, recognition, public fupport, and better working
conditéons. Ve agree. Many teachers have diffic.lt jobs, are poorly paid,
and are frequently the targets of socletal cr:..cism. However, we must
recognize that there is variation among teachers. Unfortunately, educatorss

researchers, the public,:.and even teachers suggest that most teachers behave

alike and;have similar effects (vhether positive or megative) on students.
For example, some conference participants suggested that teachers are not
capable of modeling problem—-solving strategies; and other researchers

indicated - that most teachers teach mathematics in the same unproductive

fashion.- Others suggested that the study of teacher behavior has been

unproductive and recommend that research address other areas. We submit that.
these generalizations about teachers and teaching often result from the
failure to recognize variations in teaching performance. In reality, some
teachers are worthy of emulation and others are not; some offer exciting,. _
productive classrooms and others' classrooms are poorly organized and taught,
and littie productive learning occurs. ;o :

Because of society's faillure to recognize and to reward satisfactorily

competent teachers, many, tgachers (particularly the best ones) have left
teachinig. They do mot want to work at an occupation that has low pay; little

intellectual stimulation, and little opportunity for advancement. As '
Wimpelberg and King (1983) state; "To endure the conditions accompanying life
as a teacher, the person must have elaborate support systems, unusually high

comn’ .ment to the roles and tasks of the job, or—omn the negative side—mo

re: L occupational alternatives.” Many conference participants pointed out

that teacher salaries (espectally those of experienced teachfirs) are too low
and that teachers continue to obtain salary inecrements that”are cousiderably

less than those of other white-collar workers. There appears to be widespread
and growing dissatisfaction &mong teacliers with their pay and profeasional

status.

E

. Schlechty and Vance (1983) present data which indicate that too many of
the most effective teachers are leaving the professiow-and that many students
with higher ‘aptitudes no longer emter teacher education programs. Despite

evidence that the pool of bright students seeking enrollment in teacher
education programs is declining, .some teacher education programs still attract
‘qualified candidates. For exampley at the University of Missouri; students
who enter the teacher education program rank at the 70th percentile of their

high school classes (this figure has remained ;taﬁlé for 10 iéiri);r

Though we face a serious problem at present, it is still a solvable one:

However, after another two ‘to five years of neglect (particularly of the

salary issue) and the }oss of a higher percentage of capalle teachers; the

situation may become ummanageable. Because of a decline in the overall.

‘quality of teachers, it is more difficult for an individual tuacher to be

effective. Furthermore, because of increased public concern over the

performance of public schools; there }s & growing unwillinguess to fund public

education. ; - . : ) . o
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‘There is much that can and should be corrected in many teacher education

programs and in public schools. Besides increased pay, there are other ways

in which teachers can be compensated. For example; more documentation of
teachers’ .preferences concerning the conditions and professional duties
associated with teaching would be useful. Among the many options that could
be used to improve teaching conditions: summer employment opportunities im
Business or industry; reducing record keeping and other clerical duties; three
to four hours a week duritig the schpol day for planning; release time to
observe other teachers, discuss instructional strategies, and view classroom
filns with other teachers; the chance to specialize (Why should elementary
scliool teachers be asked to be knowledgeable in several subjects?); helping

" educators and researchers to develop curricula; free college tuition for

computer and'science classes; more involvement by college and business
personnel in actual classroom imstruction; and preparation of learning aids.

Althoagh moat current legislation is inten’ed to encourage persons to become
mathematics and science teachers; the cond.tions of teaching must be altered
so it becomes a more challenging, interesting occupation, We are especlally

. . encouraged by proposals that advocate bringing non-téachers to the classroom

to share knowledge ari expertise.

'  In the fipal section of the paper, we would like to di- 1ss a salary plan
‘that has received cousiderable attention, and the possibi: - of national.

stidy and development to help guide local school districts in devising salary
plans and allocating resources.

K

Magter Teacher

and prestigious: seriou : chers' 8
with the public; raising salaries; improving working conditions; and altering
teachers' dutles (role). Yet another way to improve teachers' morale and

classroom performance, and thus to attract more talented persons to teaching;

18 to ldentify and reward excepticnal teachers.

We have suggested aaizniagé 15 which teaching can be made more attractive
: E s“study of teachers; the sharing of teachers' successes

Teachers who achieve excellence in classroom imstruction; curriculum

tevelopment, and supervision and training of other teachers should be identi-
fied and rewarded. Unfortunately, teachers who have taught for @aven to ten

years and who have similar training receive similar compensation, .irrespective
of whether they work 35 hours a week and perform dismally in the classroom or
work 75 hours a week and perform superbly. The reward structure of teaching
is flat (unstaged) and salaries are usually based on years of classroom
teaching and the number of post-graduate courses completed. . There is ittle

: opportunity for advancement, and most teachers reach the apex of the salary )
schedule in about 15 years. At the conference, Terrel Bell, Secretary of the /~

Department of Education, also advocated increased pay for master teachers.

However, the potential advantages of a Master Teac. : plan are not assured,

and all {ncentive plans have problems. Participants at this co argu ,
that the problem facing Americen schools was a deciine in gemeral teacher '
@orale and that this problem needs actention if the teacher shortage n matne-
satics and sclence is to be remedied. The present pay of average teachers is
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much too low, and if funds for master tﬂachérs' balary increases come at the

expense of upgrading teachers' salaries gen rally (a common taacher objection

to this plan); general teacher morale 1is likely tb be negatively affected.

However, most differential pay pians proposed to date require ‘that fumds.

" added to edurational budgets; money is not being tsken from some teachers

pay others. To the extent that funds for master teachers are part of a p:

té increase the salaries of all teachers (a least to some degree), this is an

encouraging strategy to eiplore. \

\

__Others argue that decisions about who shoaid be di signated master teachers

will cause dissénsion among teachers: Firsi, many teachers believe they are

outstanding teachers and will be disappointed when not'selected as master
teachers. , Furthermore, some fear that thekfriteris foé selection will relate
more to palitical savvy than to teaching skill or subjegt matter kunowledge.

However, the obvious fact that reliable criteria will be diffi

However, the obvio %eria will be difficult to ]
establish does not mean that we should not try to define' levels or stages of

professional advancement in teaching. We must be certain‘ though, to defise

the criteria carefully; revise and review such criteria périodically, and

seriously study relate< issues (who sets the criteria; how\jndgments are
actially made) 1f sict plans are to work. | \u

]
1

While rewards for teachers are impottaht, a large meaaure of the value of

such a plan 1ies in zhe discussion it sncourages about what | ccnstitutes

excellence in teaching as citizens, pubiié officials, teache;s, and teacher

educators debate this issue. A focus on excellence in teaching would help to

identify positive aspects of schooling and enable the public:to become more
aware of the complexities of teaching. An increased public ayateness might
lead to greater gains for all teachers (i.e., dan itcreased public willingness

to fund higher salaries). Further, master teache' <lams could add to our

kncwledge of classroom practice and increase our  icity to illustrate to
other teachers strategies thet are particularly ’ -esting of effective: For
example; master t.achers could use videotapes ot st claslrrém perfurmance;

curriculum units they have developed, or studeni. prc ‘icts in| order to assist
in the training o€ other teachers. \

'We suspect that master teacher ﬁiaﬁs,iili have more EEfécté in some schooil
districts than in others and that in too many cases funds will k2 spent in ways
that will not emncourage or reward competent teachers. Many plaps address tha
imyccvement of teaching generally aud the need for raster teachers (see for __
evample, Schlechty and Vance, 1983). However, an jmmediate att t to identifi

and examine issues and problems associated with the implement:tirn of master

teacher plans and alternntive ways of responding to these _probl-as would

tnvolve mouney iall spent to provtde important techmicat and con&entuai supnort

to local school Iiistricts. -though Iccal distric:z zz»d to idéntify and to
reward those school prccesses and products that they value; it geems a waste
tc rzquire every schooi 2iatrict to address a number of sophlstitated technical

gquzations tha- require the sttention of economists, psycboliogistis (How much_
woney is nec«gsary for rea. incentive?), sociologists (How can the potentially

aivisive effects of tomﬂvtition be mimimized? How should care‘réiadders be

structured?), as well zs classrocm researchers; subject matter specialists;
and méasﬁféﬁent specislists., If the plan is to work; serious conceptual study
must occur. It will probably be necessary to define several Etagés in the_
te.ching career ladder (each involving extra c “.ipensatiom) toward wie final

|

|
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status of a master teacher. At each stage teachers professional duties could
expand to include curriculum develupment, assisting with research, and super-
vision and training of oti.er tesdchers.

S ' ,
Conclusion . _
—_—_— . . - A
____The shortage of qualified mmathematics and science teachers is an important
probiem that merits immediate expenditures and action: There is considerable

evidence that science is infrequently taught in elementary schools (e.g:;
Ebmeier and;Ziomek; 1983). Furthermore; participants at this conference gene-—
rally agreed that instruction in mathematics and science is often inadequate; _
however; because of a lack of research in this area, few partigipants described
sﬁecific changes ﬁiich are ﬁééaéa. Not 6ﬁl§ do we nééd ﬁoré ana Bétter

be spent on mathematics and science instruction, thegggg%iggfogfthe curriculum
and the quality of teaching shonid be our most important concern.

Before science and mathematics curricuia 8nd instruction are altered

effectiveiy, however, educators, researchers; mathematicians; citizens; and.
teachers must comprehensively assess the curriculum and instruction currently
offered in American schools in order to make intelligent decisions about _
changes which are necessary. This is because we not only need citizeos who
are s~ientifically literate, but citizens must also have a sense of history,
the ability to express themselves, nd an appreciation of and skills necessary
for participating in thn democratic prccess, etc.

It 1r clear that the entire ﬁmcrican pubiic school curriculum needs

serious acuﬂy. We believe that many courses in the present curriculum are

unneeded are that evaluation and reform of genmeral curricula are necessary

steps 1f we are to take appropriate actions in reforming mathematics and
science curricula.

Long—term solutions are. poesible and funds should be investegfinfnational

resear-h aid develupment. The problems related to curricula, teacher
shortages, technology, and instruction are general ones. Local school

districts currently have limited options for addressing such issues (e:g.;

they.can chooge among poor curricuium serizs): However, State and local

d'stﬂicts (AT atilize the resuits of national research and development to

cxamine mors zitermatives and criteria for making decisions about improving

curriculum and instruction.
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